Latest Cretaceous - early Tertiary Ulukisla Basin, S. Turkey: sedimentation and tectonics of an evolving Tethyan suture zone by Clark, Matthew
The latest Cretaceous - Early Tertiary Ulukila 
Basin, S. Turkey: sedimentation and tectonics of an 





Thesis submitted for the degree of Doctor of Philosophy 
University of Edinburgh 
2002 
The work presented in this thesis is entirely my own work, except where 
otherwise indicated. 
Matthew S. Clark 
ABSTRACT 
The Upper Cretaceous (Maastrichtian) to Upper Eocene Ulukila Basin is representative of 
the sedimentary and tectonic evolution of extensive Early Tertiary basins in central Anatolia, 
including the TuzgolU and $arkila Basins. These basins lie along the proposed Inner 
Tauride Ocean suture zone between two microcontinental units in central Anatolia (Turkey), 
the Tauride Block and Nigde-Kirehir Massif. Investigation of the Ulukila Basin shed light 
on processes of microcontinental collision and ocean basin suturing of Neo-Tethys, which 
hopefully, will be applicable to other zones of continental collision (e.g. central Tibet). 
The Ulukila Basin overlies a Late Cretaceous ophiolitic mélange located between the 
Bolkar Carbonate Platform to the south and the Nigde-Kirehir metamorphic massif to the 
north. The basin stratigraphy records successive phases of transgression, subsidence, 
volcanism, evaporite deposition, deformation and uplift. The nature of these events can be 
interpreted by assessment of the lithostratigraphy in terms of sedimentary facies, 
biostratigraphy, structural geology and volcanic geochemistry. Further characterisation of 
the basin-history was achieved by analysis of sedimentary structures, construction of 
subsidence curves and provenance studies. 
Transgression in the Ulukila Basin, during the Maastrichtian, followed by large-scale 
subsidence, is evidenced by shallow-marine sedimentation and subsequent deposition of 
unstable slope facies and turbidites. The basin succession includes c. 2 km of Upper 
Palaeocene-Lower Eocene basaltic to andesitic submarine pillow lavas, lava flows, 
volcaniclastics and intercalated limestones. Whole-rock XRF chemical analysis indicates a 
within plate-origin, with a marked subduction influence (e.g. relative Nb depletion). Uplift 
and closure of the basin are recorded by evaporite deposition, widespread compressional 
deformation and a regional unconformity. The subsidence curves are consistent with an 
extensional (or trans-tensional) basin terminated by uplift. 
It is proposed that ophiolite and mélange emplacement reflect closure of the Inner Tauride 
Ocean in the Late Cretaceous. Ocean basin closure was followed by a long period (c. 30 
Ma) of microcontinental adjustment and suture tightening during which the Early Tertiary 
Ulukila Basin developed, either as a trans-tensional pull-apart basin, or by extension 
orthogonal to the suture. Possible driving forces were microplate rotation, lateral adjustment 
of microplates, regional slab pull (of a local relict subduction zone) or active subduction 
further south. Suture tightening in Late Eocene time was marked by emergence and regional 
deformation. Basins adjacent to the Ulukila Basin apparently developed in a similar 
tectonic setting, suggesting microplate adjustment was active throughout southern Anatolia 
during Maastrichtian to Eocene time. 
TETHYS 
Tethys, a Titan and sister of Iapetus, married Oceanus and gave birth to a vast number of 
offspring, including three thousand (!) daughters, the Oceanids. A popular derivation of her 
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CHAPTER 1. INTRODUCTION AND RATIONALE 
1.1. PROJECT RATIONALE 
The central Anatolian region of Turkey geologically comprises a series of accreted micro-
continental units and associated suture zones (Fig. 1.1). Each accreted block is a small 
continental mass, originally separated by individual strands of the Neotethyan ocean. 
Neotethys was present between the African and Eurasian plates from the Triassic to the Late 
Eocene (Robertson & Dixon 1984). 
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Figure 1.1 - Map of major microcontmental units of Turkey and associated sutures (modified 
from Altiner et al. 2000). 
Closure of oceanic strands within the Neotethyan ocean system is recorded by the presence 
of ophiolites that were detached from the ocean basins and obducted onto the passive 
margins of the adjacent continental blocks ($engor and Yilmaz 1981; Robertson and Dixon, 
1984). The resultant suture zones are also marked by sedimentary basins around the central 
Anatolian block, known as the Nigde-Kirehir Massif. These basins include the TuzgolU, 
çankin, Sarkila, Sivas and Ulukila Basins (Fig. 1.2) (GörUr etal. 1998). 
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Figure 1.2 - Major sedimentary basins and microcontinental units of Central Anatolia. 
The aim of this project is to gain a greater understanding of the collisional processes that 
occur during periods of microcontinental or "soft" collision. "Soft collision" results when 
closure of an ocean basin leads to the impact and accretion of small continental units, e.g. 
microplates or island arcs, to continental plates. This is often viewed as a predecessor to 
"hard collision" involving advanced deformation and overthrusting or subduction of two 
continental plates, as seen in the Himalayas (Fig. 1.3). 
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Figure 1.3 - Schematic cross section through the Central Himalaya in Nepal and South Tibet 




Regions that have undergone "soft collision" have a high preservation potential with respect 
to initial orogenic and collisional processes. This preservation of the soft collision 
environment might be due to a change in the polarity or a "step back" of the subduction zone 
that has led to closure of the former oceanic basin. The resultant deformational processes are 
concentrated elsewhere in the system, away from the accreted units, thus favouring 
preservation of the suture zone. This appears to be the case in the East Mediterranean 
region, where locus of subduction has migrated, or "stepped", southwards during collision 
(Robertson 2000). From the Miocene onwards, active subduction has taken place south of 
Cyprus (Fig. 1.4), and continues today. Thus, the Eastern Mediterranean provides an 
excellent location for investigation of the processes involved in microcontinental collision, 
as many of the relevant units remain preserved and exposed. 
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Figure 1.4 - Palaeogeographical sketches of Early Tertiary to Quaternary evolution of Cyprus 
(modified from Robertson 2000). 
By investigating the tectonic history of the Ulukila Basin (Fig. 1.5), which formed along a 
potential suture zone and was actively subsiding from the Late Cretaceous to the end of the 
Eocene, this study aimed to gain a better understanding of the collisional history between the 
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Taurus Carbonate Platform to the south and the Nigde-Kirehir Massif to the north. The 
tectonic status of the Nigde-Kirehir Massif is somewhat disputed. Two theories are present 
in the literature; first that the Nide-Kirehir Massif is an independent microcontinental unit 
and secondly that it is a promontory of the Taurus Carbonate Platform. A further aim of the 
work was to come to a conclusion on this problem. The collisional history of the area was 
assessed in a regional context, and finally applied to microcontinental collision theory. 
A further objective was to provide a new and improved understanding of the Ulukila Basin, 
which has, to date, received limited attention. The Ulukila Basin provides an excellent 
study area, as the rocks are well exposed, display a complete stratigraphy through the basin's 
evolution and have suffered little or no metamorphism. Prior to the work presented here a 
detailed interpretative study of the stratigraphy, and therefore basin history, was unavailable 
and is vital to any study that aims to interpret the processes involved in the formation of the 
basin. Further to this, the project aimed to provide a better understanding of the associated 
volcanism, which took place during the Palaeocene, by geochemical means. This is crucial 
to any tectonic explanation for the basin's development. 
The tectonic location of the Uluki1a Basin and the relative lack of previous work make it an 
excellent candidate for a detailed study. Another outcome of the project, although not 
initially perceived as a goal, was to reassess and revise the stratigraphy of the basin. This 
has also included a reassessment of the age of the sedimentary rocks of.the Ululula Basin 
using palaeontological studies, carried out in conjunction with Prof. Dr. Nurdan man and 
Dog. Dr. Kemal Tash of Mersin University (Turkey). 
Revision of the stratigraphy became an important part of the project and, as a result, is 
discussed in some detail in Chapter 2. Initially the stratigraphic scheme published by 
Demirtali et al. (1984) was used (see Section 2.2.3); however, after some time, it was felt 
that the scheme did not provide the most useful division of rocks in the basin. In this study, 
it is hoped that the division of lithostratigraphic units, in addition to providing names to the 
rocks, illuminates some of the basin's history. Provision of an accurate and effective 
stratigraphic scheme is essential to a systematic study of the basin, especially when 
investigating the development of the basin. In this, correct dating of the rocks is very 
important and it was felt that a fresh look at the palaeontology of the rocks in the basin was 
due. As a result, the new stratigraphic scheme is fitted into a detailed time framework, with 
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Figure 1.5 Regional geological map of the Ulukila Basin area, originally published at 1:500 
000 scale (from Abdusselamoglu etal. 1962). 
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The revised stratigraphic scheme has been fundamental to subsidence analysis and to the 
interpretation of the basin's history. It has also been paramount in comparing the Ulukila 
Basin to other sedimentary basins in Anatolia, for which an accurate understanding of the 
timing of events in the Ulukila Basin is vital. For these reasons it is felt that the detailed 
discussion of the new stratigraphic scheme is justified and should also aid future studies in 
the region. 
1.2. REGIONAL AND TECTONIC SETTING 
The geology of Turkey consists of a number of accreted continental blocks and suture zones 
(Fig. 1. 1), which represent the closure of the Tethyan oceanic system, existing between 
Africa and Europe from the Triassic until mid Tertiary times. The history of Tethys is 
divided into two main phases, which display the existence of more than one ocean basin, 
Palaeotethys, which separated Gondwana in the south form Laurentia in the north during the 
Palaeozoic, and Neotethys, which comprised several ocean basins between the African and 
European plates from the Mesozoic to the Middle Tertiary (Robertson & Dixon 1984; Fig. 
1.6). Palaeotethys was characterised as a westward-narrowing wedge shaped ocean basin 
that existed as a result of the rifling of Pangaea (Wegener 1924; Bullard etal. 1965; Smith & 
Briden 1977). The Neotethyan ocean strands were separated by micro-continental blocks 
and carbonate platforms that were rifled from the northern margin of Gondwana in Late 
Permian to Early Jurassic time (Robertson & Dixon 1984). Thus, the history of Tethys was 
one of complex rifling relationships, subduction of oceanic basins and subsequent collision 
and accretion tectonics. Several attempts to provide a model and overall synthesis for this 
long and complex history have been made ($engor & Yilmaz 1981; $engör et al. 1984; 
Robertson & Dixon 1984; Stampfli etal. 1991; Dercourt etal. 1992; Ricou etal. 1984; Okay 
et al. 1996; Stampfli 2000); however, a general consensus has yet to be reached regarding all 
parts of this history. The complexity of this system is such that overall agreement is unlikely 
to be reached for some time and without continued research and assimilation of data. 
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Figure 1.6— Schematic palaeogeographic maps of the Eastern Mediterranean in (a) Mid 
Triassic, 240 Ma and (b) Mid Cretaceous 119 Ma, from Robertson & Dixon (1984). The 
extensive Palaeotethys is clearly seen in a), as is initial rifling of the northern Gondwana 
margin. In (b) the closing Palaeotethys ocean basin is seen in the north and Neotethys, with 
multiple oceanic strands, is seen in the south. (Key: IN - Istanbul Nappe, BN - Bayburt 
Nappe, other abbreviations in (b) are expanded in (a). 
This thesis is concerned with a Lower Tertiary basin developed in the vicinity of an inferred 
strand of Neotethys, the Inner Tauride Ocean (Oktay 1973; $engor & Yilmaz 1981; GörUr et 
al. 1984) (Fig. 1.7), which is believed to have separated the Taurus carbonate platform to the 
south from the Nigde-Kirehir Massif to the north and to have closed in the Early Tertiary 
(GörUr et al. 1984; Fig. 1.7). The suggestion that Neotethys consisted of more than one 
oceanic basin is not accepted by the entire geological community. Ricou et al. (1979; 1984) 
proposed a single ocean basin origin for all of the Neotethyan units in Turkey. However, 
nearly all workers over the last decade have assumed a multiple ocean basin hypothesis 
(Dercourt et al. 1992; Stampfli 2000; Robertson 2000). 
Figure 1.7 - Palaeotectomc map of the Eastern Mediterranean in the Palaeocene, from GorUr 
et al. (1984). The Inner Tauride Ocean is depicted as an arcuate ocean strand between the 
Kirehir Block to the north and the Menederes-Tauride Block (MTB) to the south. (Key: GVC 
- Galata Volcanic Province, IPCZ - Intra Pontide Convergence Zone, HB - Haymana Basin, 
TB - TuzgolU Basin, SAF - Sereflikochisar / Aksaray Fault, BON - Bozkir Ophiolite Nappe, 
AN - Antalya Nappes, AM - Alanya Massif). 
1.3. PROJECT METHODS 
This was a fieldwork-based project in which five months of fieldwork has allowed a large 
amount of data to be gathered and over two hundred rock samples to be collected. Fieldwork 
included sample collection, fossil collection, field description, measuring of sedimentary 
logs, gathering of structural and sedimentological data and sketching of important 
sedimentological and structural features. Fieldwork and sedimentary-analysis techniques are 
described further in the Section 3.1 as an introduction to the main body of data. Field 
mapping was restricted to selected areas as time was too limited to undertake complete re-
mapping of the area. Good quality geological maps of the area already exist (Demirtali et 
al. 1984; Atabey et al. 1990) such that detailed mapping was only necessary where required, 
i.e. for certain geological contacts, structurally more complex areas and at a larger scale than 
presently available. It was more useful to develop detailed tectonostratigraphic cross 
sections of the basin rather than repeat pre-existing work by mapping a large area. Field 
description and detailed sedimentary logs were used in the interpretation of lithological units 
and to provide relevant facies and environment interpretation. This work also aided the 
assessment of the existing stratigraphic scheme. 
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Thin sections were made of eighty samples collected from the basin and were used for 
petrographic study and provenance studies as appropriate. Samples were also used for X-
ray fluorescence studies (XRF). Over one hundred samples of volcanic, intrusive and 
volcaniclastic rocks were used to determine the geochemical nature of the Ulukila 
Volcanics, the Upper-Palaeocene to Lower-Eocene volcanic suite, which dominates the 
Ulukila Basin (Fig. 2.11). This was used to determine the original nature of the volcanism, 
and to provide constraints for any tectonic models. 
Thin sections of many of the sedimentary rocks were used in palaeontological study. Initial 
approximate identifications of foraminifera were made and then passed to Prof. Dr. Nurdan 
man and Dog. Dr. Kemal Tash, at Mersin University, Turkey. They provided a revised 
identification scheme and appropriate ages for the samples. These data were then compared 
to the pre-existing dating schemes for the Ulukila Basin and finally assimilated into the 
revised stratigraphy presented in this thesis. This part of the study was especially important 
in providing age and time constraints for the various stages of basin development. 
The revised stratigraphy combined with the cross sections (most importantly unit thickness) 
and environmental interpretation of palaeo-depth allowed construction of subsidence curves 
for the Ulukila Basin with the assistance of Dr Jon Turner (University of Edinburgh). 
These provide a visual platform for assessing the mechanisms involved in controlling basin 
development by comparison with subsidence curves for standard basin types. 
Another important tool was to compare the results and findings from the Ulukila Basin with 
other basins of central Anatolia and eastern Turkey. This was vital in putting the study into a 
regional context by assessing common features and links between the development of the 
Ulukila Basin and those adjacent to it. 
Structural data was gathered in the field and used to create a detailed structural history of the 
area. The structural history of the basin is important to assess the development of basin 
evolution and was thus integrated into the overall picture of basin development. It was also 
important to compare this work to other areas in order to fit the structural history of the 
Ulukila Basin into the tectonic framework of central Anatolia. 
It was the intention to unravel the tectonic processes involved in the development of the 
Ulukila Basin and thus the processes involved in closure of the branch of Neotethys 
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relevant to this study. Models that may account for the basin history are presented and 
discussed. The relevance of these models to the overall tectonic history of the region is also 
discussed. Some important questions for the regional tectonics that the work endeavoured to 
answer include the number and arrangement of microcontinents; the number of Tethyan 
Ocean strands present in the Eastern Mediterranean in the Late Cretaceous; and how the 
microcontinents behaved during collision between Africa, Arabia and Europe in the Lower 
Tertiary. 
Ultimately, these findings should shed light on the early processes involved in continental 
collision and, more directly, on the processes of microcontinental collision. These inferences 
may then be applied to other orogens (i.e. the Himalayas). By focusing on an area of key 
significance in the Eastern Mediterranean, the project should elucidate less well documented 
parts of the global tectonic system, significantly, significantly, the role of microcontinents in 
incipient collisional processes. 
1.4. USE OF TURKISH WORDS IN THE THESIS 
The Turkish alphabet is based on the latin alphabet, although there are some additions. The 
letters are generally pronounced the same except that u is as in 'put' not as in 'cup' and c is 
pronounced j; a is always pronounced like the a in father. Additions to the alphabet are: 
ç 	like 'ch' in church 
lengthens the preceding vowel but is not sounded 
1 	(without a dot) is like the i in cousin 
like 'sh' in shoe 
o 	as in the German o 
U 	as in the German U 
In the thesis many of the places and features in the field area are referred to by their Turkish 
names. The following translation of geographical features may be of assistance when 






dere 	stream or valley 
Often, Turkish place names have meanings that can be easily translated. The following are 













white stone hill 
shield rock hill 
circle of springs 
cock 
silver 




CHAPTER 2. TECTONSTRATIGRAPHY 
2.1. BRIEF DESCRIPTION OF THE ULUKILA BASIN AND ITS HISTORY 
The Ulukila Basin lies approximately 1201am NNW of the city of Adana in south-central 
Turkey (Fig. 2.1). Geographically, the Ulukila Basin is bordered to the south by the Bolkar 
Mountains and the north by the Nigde Massif, notably Pozanti Dagi. To the east the area is 
bordered by the Pozanti river valley and the Ala Dalan mountains (Fig. 2.2). To the west 
the extent of the basin is less defined as the rocks of the Ulukila Basin dip beneath Neogene 
cover which makes up the Konya Plain (the natural limit of this study was a north-south line 
through the town of Halkapinar). Geologically, the above features equate to the Bolkar 
Carbonate Platform (to the south), Nigde-Kirehir Massif (to the north), the Ecemi strike-
slip fault and the Eastern Tauride Block (to the east). One hundred kilometres west of 
Halkapmar, the town of Karaman marks the eastern extent of the Beysehir-Hoyran-Hadim 
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Figure 2.1 - Geographical map of Turkey on a conical projection with standard parallels (Willet & Fullard 1986), with 
the 1Jlukila area outlined by a blue rectangle. 
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Figure 2.2 - Map of central Turkey showing the geographical relationship between the 
Ulukla Basin and the Beyehir-Hoyran-Hadim Nappes (B-H-H- Nappes, See figure 1.2 for 
rest of key). 
Topographically the area consists of E-W trending, steep sided, hills and valleys which 
partially reflect the underlying geological structure (see below). This parallel alignment of 
hills is common in the south, but as a departure Kabaktepe has a relatively circular shape 
(Fig. 2.3). Kabaktepe comprises continental clastics and evaporites that represent the core of 
a large westward plunging syncline. In the centre and the north of the Ulukila Basin the 
outcrop is dominated by the volcanic rocks. This lithology, along with the effects of fluvial 
erosion and the geological structure have given rise to a distinctive topography of steep, 
rough sided hills, often with individual peaks; linear chains of hills are less pronounced (Fig. 
2.3). Deep river valleys cross the volcanics, notably the southern extent of Ardiçh valley. 
The north-western part of the area is characterised by a badlands topography of shallow 
gullies (formed by ephemeral streams) and gentle flat hilltops (West of caykavak Pass in 
Fig. 2.3). This kind of topography is also present along the çakit River valley in the south of 
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Figure 2.3 - Large-scale geomorphological features of the Ulukila Basin outlined on a 
satellite image of the area, with some towns and hills marked for orientation purposes. 
(Original image from: http:/gcoeneine.nima.mil  
The geological history of the Ulukila Basin begins in the Upper Cretaceous and is 
effectively continuous to the present day. However, the main phase of basin evolution (and 
thus the focus for this project) concluded at the end of the Eocene. A recent Ph.D. project at 
the University of Edinburgh (Jaffey 2001) included work on the post Eocene deposits in the 
Uluki1a Basin. During the Maastrichtian to Upper Eocene the Ulukila Basin underwent a 
relatively simple history of transgression, subsidence, partial rifling, uplift and emergence. 
Table 2. 1, outlines a very simplified history of the basin: 
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Time Basic Depositional Environment 
Oligocene Continental clastic sediments 
Middle to Upper Eocene Evaporites 
Lower Eocene Turbiditic sandstone and siltstone 
Upper Palaeocene Shallow water limestone 
Middle to Upper Palaeocene Volcanics 
Lower to Upper Palaeocene Turbiditic sandstone and siltstone 
Upper Maastrichtian and Lower 
Palaeocene 
Shallow water limestone 
Table 2.1 - Simplified Late Cretaceous and Palaeogene history of the Uluki1a Basin. 
2.2. PREVIOUS WORK 
The Ulukila area has received limited attention with respect to establishing the processes 
involved in the origin and development of the sedimentary basin. However, several workers 
have undertaken comprehensive mapping and stratigraphic studies. 
2.2.1. Blumenthal 1956 
The earliest detailed geological study of the area is that of Blumenthal between 1940 and 
1951 (Blumenthal 1956). He established a basic stratigraphy for the Bolkar Mountains and 
the Ulukila Basin. The following are some of the notable points from this work: 
. The marbles of the Bolkar Mountains were inferred to be Late Carboniferous and it 
is sediments of this age that make up the northern flanks of the Bolkar Mountains. 
Permian deposits make up the southern flanks of the Bolkar Mountains 
Cretaceous deposits are present on the northern flanks of the Bolkar Mountains (the 
southern part of the Ulukila basin). 
. Flysch sedimentation continued from the Upper Cretaceous into the Tertiary and 
there was a gradual transition from the Cretaceous rocks into these units. 
. An outline stratigraphy was presented and names were given to some rock units. 
. A brief tectonic evolution was argued, as follows: 
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• Palaeozoic rocks were deformed by the Hercynian Orogeny 
• The second major phase of deformation was "Pyreneean" (Upper Eocene) 
which "dislocated the Palaeozoic basement whilst creating intensive folding in 
the Upper Cretaceous - Eocene cover" 
ci Later movements occurred pre-Burdigalian and created gentle folding of 
Oligocene sediments 
An unconformity between rocks of Eocene and Oligocene age was also noted. 
2.2.2. Oktay 1973 & 1982 
The next detailed work was a Ph.D. thesis by Fazli Oktay (1973), in which an interpretative 
approach was taken to the Ulukila Basin. This study was conducted around the town of 
Ulukila (Fig. 2.4). Oktay developed a new stratigraphy for the basin (Fig. 2.5), 
characterised the structural history of the basin and provided a model for its tectonic 
development. 
Oktay divided the Ulukila Basin succession into three groups, which defined major stages 
of tectonic evolution and are separated by major unconformities: 
• Ulukila Group; This comprised basaltic and andesitic igneous rocks interpreted as 
of island arc origin, with associated carbonate and elastic rocks, described as "pre-
flysch" and "flysch". 
• Kilan Group; "A thick sequence of anhydrite, limestone-marl and elastic deposits 
which represent the first stage of post-orogenic deposition within the basin" (i.e. the 
"molasse" stage). 
• Bohçadikmen Group; "A sequence of pebbly clays, limestone-marls, sands, and 
sandy gravels" which represented a post-orogenic Neogene cover sequence. 
8km  
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Figure 2.5— Stratigraphy of the Ulukila Basin according to Oktay (1982). From left to right 
the columns represent the stratigraphy to the north of the Ulukila Formation, the formation 
itself and then the southeast and southwest of the basin. 
The use of dated terms such as "flysch" and "molasse" continues in the structural description 
of the basin where three deformational stages are described in their relation to a 
"geosyncline" interpretation. Oktay' s three stage division of deformation of the Ulukila 
Basin is briefly outlined below, with reference to modern terminology: 
The first stage of deformation was characterised by "concentric folds and associated reverse 
and tear faults" and related to continental collision processes during collision of the Bolkar 
Massif with the Kirehir Massif and a proposed volcanic arc that lay between. 
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The second stage of deformation was characterised as a periclinal structure in the south of 
the basin and related to "mild orogenic movements" in the Lower to Middle Miocene. Oktay 
also recorded this as a period of uplift. 
The third was a period of extension, which formed a freshwater lake in the northwest of the 
basin (Bohcadikmen Group). This stage encompassed the Pliocene and was terminated by 
uplift and tilting in the late Pleistocene. 
Oktay also provided a tectonic model for the origin and development of the Uluki1a Basin 
(Fig. 2.6). He suggested an oceanic origin for the basin and the development of east-west 
trending trenches, which provided sites for deposition. This was one of the earliest 
suggestions of an oceanic basin separating the Bolkar Carbonate Platform from the Nigde-
Kirehir Massif to the north. The basin fill was sourced from oceanic volcanic islands within 
the basin and a postulated source, now concealed or eroded, to the west. Continued 
deformation during the Eocene led to thrusting of slices of oceanic rocks into and onto the 
sedimentary pile. Post-collisional sedimentation and deformational phases are noted but no 
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Figure 2.6— Evolution of the U1ukila Basin as a remnant oceanic basin with an island arc 
system developing as a result of subduction of the basin, as described by Oktay (1973). 
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2.2.3. DemirtaIi etal. 1975 & 1984 
The next work in the area was detailed mapping led by Demirtah et al. as part of the project 
to produce geological maps of Turkey to the scale of 1:25000. This study by the Turkish 
Geological Survey (Maden Tekik ye Arama Genel MüdUrlugU - MTA) aimed to produce 
detailed geological maps of the area and to "solve the basic geologic problems of the Bolkar 
Mountains and their surroundings" (Demirtali et al. 1975; 1984), which included the 
Ulukila sedimentary basin. The initial results were published in 1975 and the final results in 
1984. Demirtali et al. published a compilation map at 1:100000 scale (Fig. 2.7) based on 
the mapping study. With this, a stratigraphy for the basin was published (Fig. 2.8), however, 
only basic descriptions of the formations were given along with limited comparisons of 
different sections. Micropalaeontological determinations were used to date the rocks; the 
data are given in Appendix 1. The structural geology of the basin was briefly described, 
outlining major fold orientations and two major thrust faults in the area. Little attempt was 
made to interpret either the lithological history or the available structural data, although a 
number of cross sections were included. 
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GROUP LITHOLOGY LITHOLOGICAL EXPLANATION >- w FORMATION 
- -- 
QUAIER- 
NARY Alluvium,,9,fQyrn — Quaternary alluvium and alluvial fan deposits Angular unconformity 
Continental Conglomerate Gypsum, shale, sandstone and clayey limestone 
o Neogene (ml) Bituminous shale, sandstone and clayey limestone 
Cross-bedded sandstone a. W 
DZ lomerate (Tnl Basal conglomerate Angular unconformity 




z W Crystallised limestone olistoliths of the Bolkar Group in sand- 
— stones 
Red and green cross-bedded sandstone with occaisional marl 
o 
-J 0 b 




Local gypsum lenses 
"—r _______ 0 Red and green cross-bedded sandstone 
— 
0 _ Bluish grey marl and shale Kurtulmustepe 
- Member Clayey, lacustrine limestone with Planorbis sp. 
(Teolani) -----'-w- Bluish grey marl with shale alternation — Red and green sandstone 
Angular unconformity 
— Kabaktepe Mbr ___________ N W Anhidrite LLVX a- 





Gypsum and anhydrite 




(Teh2) Shale, turbiditc sandstone and sandy limestone alternation 
-J _______ ______ 
I.— GUmU5 Mbr (Tehi) _____ j' 	, j _____ Conglomeratic limestone laterally grading into conglomerates 0Z Angular unconformity z 
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Mainly andesitic volcanics, agglomerates and tufts intercalated 
with shales and sandstones cut by andesitic dykes 




r/V 	' 	. - - - 
Agglomerate, tuff, andesitic volcariics with minor amount of 
LLJ 
sedimentary rock intercalation 
-- 
Turbiditic sandstones with spilitic volcanic intercalations 
Lu 
LL 	(Tpehl) Spilitic pillow lava (Tpehl) 
I— 
,.. 
V 	 •, 	—o Shale and turbiditic sandstone alternation 
(Tpeh2) 





- Mainly Triassic limestone olisoliths (Tpeh3) 
- 0 (Tpeh3) -- 	— 	— 	— Turbiditic sandstone, shale and marl 
LIJ a 
Local angular unconfármity and basal conglomerates 
o GU - ;;l;ZfM White, light grey, biocalcarenite intercalated with red conglomerates __________ ___ 





Light grey, thick bedded reefal limestone with red basal 
conglomerates 





_____ ____ — - 
>Red. Red conglomerates including Agglomerate and ophioltic olist 
Ophiolitic olisoliths 
FORT 
___________ a Greenish grey 	 pelagic limestone liths Basal conglomerate with op 
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Figure 2.8 - Stratigraphy of the U1uki1a Basin according to Demirta1i etal. (1984). 
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2.2.4. Others 
Subsequent to Demirtali et al. (1984) there were no comprehensive studies that covered the 
overall history of the Ulukila Basin although detailed work was undertaken on specific 
areas i.e. çevikba worked on the mineral prospectivity and stratigraphy (Figure 2.9) of the 
region in the late eighties and early nineties (Ph.D. thesis 1991 and çevikba & Oztunali 
1991; çevikba et al. 1995), Kucu etal. (1993) on the geology of the camardi region at the 
northern extent of the Ulukila Basin and Dellaloglu & Aksu, (1986). Also in 1990 a 
1:100000 scale map of the region was published by Maden Tekik ye Arama Genel 
MUdUrlUu (General Directorate of Mineral Research and Exploration), which brought 
together work in the central and northern U1ukila Basin area and in the region of the Nigde 
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Figure 2.9— Stratigraphic scheme for the central U1uki1a Basin from cevikba (1991). 
2.2.5. Stratigraphy 
The stratigraphy of the Ulukila Basin has been investigated in all of the preceding studies, 
as detailed above. Figure 2.10 gives a comparison of the previously published stratigraphic 
schemes, whilst Appendix I shows the micropalaeontological data for dating of the 
stratigraphy in previous studies. 
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Figure 2.10— Compilation of the stratigraphies presented for the Ulukila Basin, adapted from 
Demirtah etal. (1973 & 1984), çevikba (199 1) and Oktay (1982). 
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The many stratigraphic schemes all have their advantages: 
Demirtali et al. (1975 & 1984) devised a stratigraphic scheme whilst mapping the U1ukila 
Basin (Figs. 2.8 & 2.10), also using palaeontological evidence from samples taken during 
mapping. This scheme is useful because it is easy to follow on the ground and is reasonably 
detailed. However, it doesn't take into account lateral facies variation and lacks an 
appreciation that some units in the basin were deposited at the same time. 
Oktay (1982) provided a stratigraphic scheme (Figs. 2.5 & 2.10) that recognised three groups 
representing different stages of the Ulukila Basin history. The scheme also incorporated 
lateral variation of units, attributing different stratigraphies to different parts of the basin 
(although over a restricted area relative to the whole basin). In addition to lateral facies 
variation, diachroneity of units was also recognised. In essence, this approach is useful and 
displays the basin history in some detail. However, it leads to a rather complicated scheme 
that is difficult to work with in the field. 
çevikba (1991) provided a stratigraphic scheme that attempted to unravel the Ulukila 
Formation (term from this study) (Figs. 2.10 & 2.9). The stratigraphy is useful as it 
highlighted the variation of rocks included in the volcanic pile within the Ulukila Basin. 
However, from the fieldwork carried out in this study it seems that the units were based on 
geographical location rather than a vertical succession. Again, because the focus of the 
research was the mineral prospectivity of the Ulukila Formation, effort was concentrated on 
the volcanic rocks with little investigation of the other units within the basin. 
2.3. REVISED STRATIGRAPHY 
This study attempts to provide a comprehensive stratigraphy for the Ulukila Basin that 
incorporates the chronological history of the basin and lateral variation and the diachroneity 
of units (Fig. 2.11). It is intended to provide a useful tool for future workers and standardise 
the nomenclature in the basin, which, in some cases, is presently confusing, e.g. in certain 
areas units have the same name as units in adjacent areas but have a different age and facies; 
units which are of the same affinity are presently assigned different names depending on 
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The following description of the new stratigraphic scheme follows the method used by 
Swarbnck & Robertson (1980) and is in line with International Stratigraphical Commission's 
guide to nomenclature (Hedberg 1976). The revised stratigraphy of the Ulukila Basin 
presented here attributes the name Formation, in line with the definitions shown in table 2.2, 
to mappable rock units with clearly defined boundaries and of contrasting lithology to the 
adjacent rock masses. Where appropriate, pre-existing names have been used in' order to 
reduce the amount of new nomenclature. However, the status of some units has changed, for 
example Kabaktepe Member of Demirtali et al. (1984) to Kabaktepe Formation, in order to 
conform better with the reasoning outlined above. By focusing on the lithological contrasts 
when assigning Formation status the new stratigraphic scheme was effectively divided into 
stages of basin development, which is useful when interpreting and describing the basin 
history (see Chapter 4). For completeness the age of each unit is given, although 
justification and discussion of the ages is addressed later (Section 2.4, Table 2.13). 
The location of type sections for the units is shown on a simplified geological map in Figure 
2.12 and the location of villages and town referred to is seen in Figure 3.1. 
 A formation is a bed or assemblage of beds, of distinctive lithology and with well-
marked upper and lower boundaries; it can be mapped over a considerable tract of the 
country, (Boggs 1995). 
 A formation is a lithologically distinctive stratigraphic unit that is large enough in 
scale to be mappable at the surface or traceable in the subsurface. It may encompass 
a single lithosome, or part of an intertonguing lithosome, and thus consist of a single 
lithology, (Duff 1993). 
(Lithosome - mass of rock uniform in character and having intertonguing relationships 
with adjacent masses of different lithology - Wheeler & Mallory 1956) 
 Formation - a body of rock, identified by lithic characteristics and stratigraphic 
position, that is prevailingly but not necessarily tabular and is mappable at Earth's 
surface and traceable in the subsurface. Must be of sufficient areal extent to be 
mappable at the scale commonly used in the region where it occurs. The fundamental 
lithostratigraphic unit - formations are grouped to form higher-rank lithostratigraphic 
units and are divided to form lower-rank lithostratigraphic units, (from Hierarchy of 
lithostratigraphic units, North American Commission on Stratigraphic Nomenclature 
1983). 
Table 2.2 - Definitions of the term 'Formation' for stratigraphic use. 
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Figure 2.12 - Simplified geological map of the Ulukila Basin showing localities of type 
sections. 
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2.3.1. Atihoca Ophiolitic Mélange 
Synonymy: Ophiolitic mélange rocks, Demirtali et al. (1984); Alihoca Ophiolite, Atabey et 
al. (1990); Madenkoy Ophiolite Mélange, çevikba (1991); Alihoca Ophiolite, Dilek et al. 
(1999). 
Name and Type Locality: The Alihoca Ophiolitic Mélange is named after Alihoca village 21 
km ESE of Ulukila (Fig. 2.12). The ophiolitic mélange outcrops along the southern margin 
of the Ulukila Basin along a road connecting Alihoca to the village of Maden (9.4 km west-
south-west of Alihoca). 
Lithologies: The mélange comprises ophiolite-derived blocks and clasts set in a red sheared 
clay-rich matrix. Ophiolite clasts, typically several cm - 1 5m size, commonly comprise 
serpentinite and gabbro. There are also large (c. 10m) blocks of crystalline limestone 
(Demirtali et al. 1984). Around Maden village (Fig. 2.12) clasts include conglomerates, 
debris-flow deposits, pelagic limestones, red cherts, and turbiditic sandstones. 
Lower and Upper Boundaries: The lower boundary of the Alihoca ophiolitic mélange is 
rarely seen within the Ulukila Basin area, but is reported to be a faulted contact against 
marbles of the Bolkar Carbonate Platform (Demirtali et al. 1984). The upper boundary is 
also a faulted contact, usually of a reverse fault nature, with overlying sediments from 
various parts of the Ulukila Basin succession. At some localities the sediments 
unconformably overlie the mélange and no faulting is seen. 
Thickness and Lateral Extent: The thickness of the Alihoca Ophiolitic Mélange is difficult 
to establish due to the nature of the rock types and the intense deformation of the unit. 
Horizontal thickness on the ground varies from several metres to 2.5 km. The lateral extent 
is also affected by deformation, although a discontinuous outcrop is seen along the southern 
margin of the entire basin, approximately 66.5 km. 
2.3.1.1. 	Alihoca Ophiolite 
Synonymy: Ophiolitic mélange rocks (main gabbro and serpentinite complex), Demirtali et 
al. (1984); Alihoca Ophiolite, Atabey et al. (1990); Alihoca Ophiolite Complex, cevikba 
(1991); Alihoca Ophiolite, Dilek et al. (1999). 
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Name and Type Locality: The name is again derived from Alihoca village, although the 
most intact outcrop is seen along the first part of a road connecting the D-750 main highway 
to Ardiçh village (Fig. 2.12, Fig. 3. 1), the junction of this road is 2 km east of the town of 
çiftehan. 
Lithologies: The Alihoca ophiolite represents a dismembered ophiolite. The local outcrop 
starts with a pegmatite containing feldspar and large amphibole crystals, up to 4cm in 
diameter. Numerous diabase dykes cut the pegmatite. Up-section diabase dykes dominate 
(for 100 m) and there are regular cross cutting relationships, from multiple intrusion of 
diabase. Above this a hard, coherent basalt breccia dominates, apparently with some 
extrusive basalt. 
Lower and Upper Boundaries: The lower boundary is part of the Alihoca Ophiolitic 
Mélange although outcrop is not seen due to construction of the main highway (D-750, Fig. 
3.1). The upper boundary of the unit is a depositional contact to the çiftehan unit. 
Thickness and Lateral Extent: Thickness of this section is Ca. 300 m. The lateral extent of 
this ophiolite slice is difficult to establish due to inaccessibility; however, sections east and 
west of the type locality suggest it is limited to < 3 km. 
2.3.1.2. 	ciftehan Unit 
Synonymy: çiftehan Formation, Demirtali et al. (1984); ciftehan Formation, Atabey et al. 
(1990); çiftehan Unit, çevikba (1991). 
Name and Type Locality: This unit is named after the town of çiftehan, 25 km east of 
Ulukila (Fig. 2.12). The type locality is in the same section as the Alihoca Ophiolite 
(above), along the road connecting the D-750 (Fig. 3.1) to Ardiçh village. 
Lithologies: The çiftehan Unit largely consists of pelagic limestones, which are thinly 
laminated and pink in colour. At the type locality near the base, the unit contains dark 
calcareous shale and thin-to-medium bedded volcaniclastic sandstones, interpreted as 
turbidites sourced from underlying ophiolite extrusive rocks. Demirtali et al. (19 84) 
reported ophiolite-derived breccias near the base of the unit at other localities. 
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Lower and Upper Boundaries: The lower boundary is often a faulted contact as the unit is 
usually included as a part of the Alihoca Ophiolitic Mélange. However, at the type locality 
the contact appears depositional over the underlying basalts of the Alihoca Ophiolite. 
Thickness and Lateral Extent: The ciftehan Unit varies in thickness as it is often exposed 
within the mélange; at the type section it is 100 in thick. The unit crops out intermittently 
along the southern margin of the Ulukila Basin in its eastern part for approximately 16.5 
km. 
Age: The age of the ciftehan Unit is Late Maastrichtian 
2.3.2. Aktatepe Formation 
Synonymy: None, as this is a new term used to include the various transgressive carbonate 
deposits which mark the base of the intrabasinal succession and crop out along the southern 
margin of the Ulukila Basin. 
Name and Type Locality: The formation is named after Akta Tepe, a hill 2 km south of the 
village of GUmU (Fig. 2.12). The outcrop at this location is the type section for the 
formation. 
Lithologies: Lithologies in this formation are indicative of largely shallow-marine 
sedimentation and include biomicrite, microbial limestone, limestone breccias, calcarenites 
and mudstones. There is also coarse clastic sedimentation at the base in some areas. 
The type section consists of bioclast-rich limestones indicative of shallow-water deposition 
overlying thin (<50 cm) sandstone layers. At this locality the limestone bioclasts include 
benthic foraminifera, bryozoan and coral fragments; a few horizons contain boundstone. 
The bioclasts are supported by equal proportions of micrite and sparite. 
Lower and Upper Boundaries: The lower boundary of the formation is an angular 
unconformity over the Alihoca Ophiolitic Mélange. The upper boundary is variable, in some 
parts conformable with the overlying Halkapmar Formation or Ulukila Formation, although 
in the west there is a shallow angular unconformity of 5-10°. Where conformable, the 
contact is transitional. The conformable relationship is faulted out at some localities. 
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Thickness and Lateral Extent: The maximum thickness of the Formation is approximately 
300m. The different parts of the formation crop out along the southern margin of the 
Ulukila Basin in its central part (37 km) and within the outcrop of the Ulukila Formation 
(east of ciftehan) (10 km). 
Age: The Aktatepe Formation is dated as Late Maastrichtian to Early Palaeocene. 
2.3.2.1. 	Kalkankaya Member 
Synonymy: Kalkankaya Formation, Demirtah et al. (1984). 
Name and Type Locality: The Kalkankaya Member is named after its type locality at 
Kalkankaya Tepe, 4 km ESE of GUmU Village on the road between Alihoca and Maden 
villages (Fig. 2.12). 
Lithologies: This unit comprises a lower sandstone-dominated part (80 m) and an upper 
limestone-dominated part (200 m). The lower part consists of conglomerates, pebblestone 
and sandstones. Pebblestone beds are often channelised (c. 10m wide, 2-3m deep) and are 
discontinuous. The sandstones are coarse grained, thick bedded and contain planar cross 
bedding. The upper, limestone, part of the section is also divided into two parts, a lower part 
consisting of coarse biomicrites with rip-up clasts of microbial limestone and local 
concentrations of bivalve shells and an upper part dominated by well-bedded micritic 
limestones with sparse fossil material. 
Lower and Upper Boundaries: The base of the Kalkankaya Member is unconformable over 
the Alihoca Ophiolitic Mélange and at the type locality the upper boundary is also a faulted 
contact with the ophiolitic mélange. 
Thickness and Lateral Extent: The lateral extent of the Kalkankaya Member is limited and 
the unit is not seen outside of its type locality. At Kalkankaya Tepe the lateral extent is 
approximately 1 km. The thickness is 280m. 
Age: The Kalkankaya Member is dated as Late Maastrichtian. 
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2.3.2.2. 	Guneydai Member 
Synonymy: Guneydai Formation, Demirtali et al. (1984); Kalesaray Olistostrom, 
Demirtah et al. (1984). 
Name and Type Locality: The Guneydagi Member is named after an east-west ridge of 
mountains that run from 1.8 km south of Aktoprak to 3.3 km north-east of Halkapinar (Fig. 
2.12). The type section lies on the southern flank of these mountains near the village of 
Dedeli. The term "Kalesaray Olistostrom" referred to the outcrop of Guneydagi Member to 
the south of cakillar village, where the unit forms a high east-west trending ridge. There is 
no evidence of faulting along this outcrop and the rocks are the same as those which 
constitute the larger outcrop on GUneydag itself; thus, it seems unlikely that this is an 
olistostrome. 
Lithologies: The Guneydagi Member is dominated by medium-thick-bedded recrystallised 
limestone. However, abundant fragments of microbial carbonate have survived. The base of 
the limestone is marked by conglomerate with rounded clasts (15-20 cm in diameter) of 
limestone derived from the Bolkar Carbonate Platform. 
Lower and Upper Boundaries: The lower boundary is marked by a limestone conglomerate, 
which was deposited unconformably on the Alihoca Ophiolitic Mélange. Near Dedeli 
village the contact is very sharp and appears to be faulted. The top of the GUneydagi Member 
is both conformable and unconformable depending on locality. At the type locality the 
contact is conformable with the Halkapmar Formation, whereas south of çakillar, there is a 
shallow angular unconformity (5-10°). 
Thickness and Lateral Extent: The Guneydagi Member is limited to the western half of the 
Ulukila Basin. The maximum thickness is approximately 300 in at the type section. The 
unit crops out on opposing limbs of a large syncline in the western part of the basin. The 
maximum length of the unit is along the northern limb of the fold (18.6 km). 
Age: The Guneydagi Member is of Late Maastrichtian age. 
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2.3.2.3. 	Omerli Member 
Synonymy: Omerli Formation, çevikba & Ozuntali (1991); çiftehan Formation, Atabey et. 
al (1990). 
Name and Type Locality: The Omerli Member is named after Omerli village 7.5 km east of 
ciftehan (Fig. 2.12). The unit has an east-west oriented outcrop with its mid-point centred 
1.3 km north of Omerli village. The type section is a road cutting on the road between the 
D-750 (Fig. 3.1) and Ardiçh. The section provides a complete section through the unit. 
Lithologies: The lower part of this unit is marked by a fine breccia containing angular clasts 
of carbonate rocks derived from the Bolkar Carbonate Platform and the Alihoca Ophiolite 
Mélange. The overlying limestones are calcarenites, which exhibit planar, trough and 
hummocky cross bedding, with convolute and planar laminations in many beds. The upper 
part of the succession is dominated by uniform light blue microfossil-rich, massive 
mudstones. 
Lower and Upper Boundaries: The lower boundary of the Omerli Member is a north-
dipping thrust fault which places the unit on top of lava breccia of the U1uki1a Formation. 
The top of the unit is locally, conformably, overlain by pillow lavas and lava flows of the 
Ulukila Formation. 
Thickness and Lateral Extent: Laterally, the Omerli Member is quite extensive (10 km) 
although its outcrop pattern is controlled by the shape of the fault beneath the unit; thus, it 
pinches out west as the displacement on the fault reduces. The thickness at the type section is 
370 m. 
Age: The Omerli Member is dated as Late Maastrichtian. 
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2.3.3. Halkapunar Formation 
Synonymy: Halkapinar Formation, Demirtah et al. (1984); çakiltai Unit, çevikba (1991), 
Halkapinar Formation, Atabey etal. (1990). 
Name and Type Locality: The formation is named after the town of Halkapinar, 28.6 km 
WSW of Ulukila. The type section lies between Halkapinar and Eskihisar village, 15 km 
south-east of Eregli (Demirtali et al. 1984) (Fig. 2.12). There are also comparative sections 
near the villages of çakillar and GUmü. 
Lithologies: The Halkaprnar Formation consists of a variety of mudstones, sandstones, 
carbonaceous sandstones, limestones and volcanic rocks. The section near çakillar village 
starts with conglomerates containing clasts and blocks, up to several metres in diameter, of 
recrystallised limestone and sporadic serpentinite clasts. Up-section, the lithology changes 
to interbedded bioturbated gravelstone and sandstone. Further up-section the average grain 
size decreases and culminates in mudstone with subordinate sandstone. The main part of the 
succession is then dominated by medium-to-coarse-grained sandstones grading into 
mudstones. Some volcanic material is present in the mid part of the succession, including 
lava breccia and highly vesicular pillow lavas. 
Lower and Upper Boundaries: The Halkapinar Formation is conformable on the Aktatepe 
Formation, except for a slight unconformity in the cakillar area. The upper contact of the 
formation is variable, sometimes conformable and transitional to the Ulukila Formation, but 
elsewhere conformable with the Gilmi4 Formation where volcanic material is limited. 
Thickness and Lateral Extent: The thickness of the Halkapinar Formation is variable but 
usually around 1.8 km. The unit is present throughout the southern half of the Ulukila 
Basin, except in the far east, reaching a maximum lateral extent of 65.5 km, with no great 
change in facies. 
Age: The Halkapinar Formation is dated as Late Maastrichtian to Late Palaeocene. 
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2.3.4. UIukuIa Formation 
Synonymy: U1ukila Formation, Demirtali et al. (1984); Ulukila Group, Oktay (1982), 
U1ukila Formation, Atabey et al. (1990). The Ulukila Formation remains at "formation" 
level and no attempt is made to sub-divide the formation into members and/or units in this 
study. The formation consists largely of lava breccia in which a lack of recognisable 
horizons means that a useful stratigraphy is not possible. çevikba (1991) made an attempt 
to do so, but his divisions appear to reflect geographical location, rather than stratigraphy. 
Name and Type Locality: The Ulukila Formation is named after the regional administrative 
capital of Ulukila (Fig. 2.12), which also lends its name to the basin as a whole. The type 
section of the formation is along caykavak Pass, 6.8 km north-east of Ulukila, which 
comprises pillow lava, pillow breccia, lava flows and associated volcaniclastic sediments, 
typifying the sub-aqueous nature of the Uluki1a Formation. 
Lithologies: The dominant extrusive lithology is dark feldspar-phyric lava (phenocrysts 1-2 
mm in diameter) set in a black, green or reddened (altered) finely crystalline groundmass. 
Other variants include feldspar-pyroxene phyric lava and, rarely, aphyric lava, typically as 
pillow lavas or massive lava flows. However, the succession is dominated by volcanogenic 
debris flow deposits, mainly matrix supported, with angular to sub-rounded clasts of basic-
intermediate composition volcanic rock in a silt-to sand-sized volcanogenic matrix. Most are 
massive and structureless, although short, well-bedded fine-grained intervals are locally 
observed. During and after volcanism the central part of the volcanic pile was cut by 
doleritic intrusions, up to 1 km in width. Contact metamorphic aureoles are well developed 
around the intrusions. 
Also present in the Ulukila Formation are intercalated carbonates, varying from pillow 
interstices to discrete interbeds of pink or white micritic limestone (wackestone). Limestone 
intercalations high in the succession are typically white and in thin section contain bryozoan 
fragments, echinoderm spines and benthic foraminifera. The presence of limestone deposits 
throughout the Ulukila Formation implies that the unit is marine in origin, and remained so 
throughout. 
Lower and Upper Boundaries: The lower boundary of the Ulukila Formation is 
conformable, but diachronous. It shows conformable contacts over the Omerli Member of 
the Aktatepe Formation in the north of the Omerli Member outcrop, and a conformable, 
interdigitating relationship with the Halkapinar Formation at G0mU§ village. In the east of 
the basin volcanic deposits are seen in the lowest part of the section lying unconformably on 
the Alihoca Ophiolitic Mélange, around the village of Alihoca. The upper contact is also 
conformable with the overlying Hasangazi Formation. In the south of the basin the Ulukila 
Formation is overlain by the nummulitic Gümü Member, by contrast in the central part of 
the Ulukila Formation outcrop (Basmakci area, 24.2 km northeast of Ulukila) it is overlain 
by the nentic carbonate Basmakçi Member. In the west and north of the outcrop the 
formation is directly overlain by the Bozbeltepe Formation. 
Thickness and Lateral Extent: The thickness of the Ulukila Formation is difficult to 
establish because the predominant lithology of debris flow deposits precludes devising a 
proper stratigraphy. The formation is also extensively folded and thrust faulted, adding to 
the problem of lateral correlation. However, a minimum formation thickness of 2 km is 
estimated. The present-day outcrop of the Ulukila Formation is indicative of the lateral 
extent of the unit (see section 3.6.1.3), although interfingering relationships and thin volcanic 
intercalations are seen in the west of the basin. 
Age: The Ulukila Formation is of Late Palaeocene to Early Eocene age. 
2.3.5. Hasangazi Formation 
Synonymy: This term incorporates shallow-water carbonate deposits of varying facies which 
are deposited on the Ulukila Formation, either locally ponded or on volcanic highs. This 
formation is partially equivalent to the Serenkaya Formation of Oktay (1973). 
Name and Type Locality: The name is taken from Hasangazi village, 12.5 km east of 
Ulukla. The type locality is a small section along the road connecting Hasangazi village to 
the main highway (D-750, Fig. 3. 1), east of Ulukila (Fig. 2.12). In this section shallow-
water carbonates are seen to interact with volcanic deposits. A highly fossiliferous limestone 
contains variably sized clasts (<3 cm - > 50 cm) of volcanic material. The limestone is mud 
supported and contains numerous nummulites (lnm-i-3cm) and bivalves 3 mm-2 cm in 
diameter. The mud matrix is a brown clay and the rock as a whole exhibits a micritic 
cement. The igneous clasts are very altered and appear to have been erupted and deposited 
molten as they have a "frozen" carapace, although in some examples this is a diffuse 
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boundary. Transitional sedimentation containing carbonate and volcanic material is common 
throughout the base of the Hasangazi Formation. 
Lithologies: The Hasangazi Formation consists of two contrasting lithofacies, although both 
indicative of shallow-water marine conditions. Lithologies present vary from limestone 
breccia, boundstone (rarely), microbial limestones, wackestones interpreted as reef talus, 
nummulitic limestones and nummulite-rich calcirudites that display grading. 
Lower and Upper Boundaries: The lower boundary of the Hasangazi Formation is a 
conformable contact with the Ulukila Formation, either displaying interaction with volcanic 
material or re-working of the volcanics. The upper boundary is also conformable, with the 
turbiditic sandstones and siltstones of the Bozbeltepe Formation. 
Thickness and Lateral Extent: The "volcanic-high" and "ponded" nature of the Hasangazi 
Formation limits both the thickness and the lateral extent. Thickness varies from 50 in to < 5 
m, often the unit pinches out to areas of non-deposition. 
Age: The Hasangazi Formation is dated as Late Palaeocene. 
2.3.5.1. 	GOmO§ Member 
Synonymy: GUmU limestone member, Demirtali et al. (1984), Karatepe limestone Oktay 
(1982), Karatepe limestone member, Atabey et al. (1990). 
Name and Type Locality: The name of the GUmü Member is derived from the village of 
GUmU, 13.8 km southeast of Ulukila. The type locality forms the top of an east-west ridge 
to the east of GUmU (Fig. 2.12). The section consists of calcarenites containing fragmented 
fossil material, of grain size <5 mm and sparse nummulites. The unit exhibits thin (<5 cm) 
interbeds of packstone and wackestone. At this locality there are also some finer grained 
siltstone layers with sparse planktonic foraminifera. The GOmij§ Member is usually 
characterised by nummulites. 
Lithologies: The GUmU Member exhibits varied lithologies. Calcarenites, calcirudites, 
wackestones and packstones are all present. However, in a hill section 10 km west of 
çiftehan a transitional zone is seen between the Ulukila Formation and the Bozbeltepe 
Formation that exhibits turbiditic sandstones consisting almost entirely of nummulites. 
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These are probably re-worked from the GUmü Member and may represent a condensed, 
along-strike equivalent of the unit. 
Lower and Upper Boundaries: The lower boundary of the GUmü Member is a conformable 
contact with the Ulukila Formation. Commonly this is transitional, for example around 
GUmü village and may involve interaction with volcanic material, as highlighted in the type 
section. 
Thickness and Lateral Extent: The GUmü Member is only present in the southeastern part 
of the basin and pinches out 2 km west of GumU; its limited extent probably reflects 
palaeogeographical constraints on the depositional area. The thickness varies from a few 
metres to 50 m. 
Age: The GGmii§ Member is dated as Late Palaeocene. 
2.3.5.2. Basmakçi Member 
Synonymy: Basmakçi limestone member, Demirtali et al. (1984), Basmakçi limestone, 
Oktay (1982) and Basmakçi limestone Member, Atabey etal. (1990). 
Name and Type Locality: The Hasangazi Formation is named after Basmakçi village, 24 km 
northeast of Ulukila (Fig. 2.12). The type locality is around a small quarry just to the south-
west of the village and consists of a basal conglomerate of sub-rounded, poorly sorted, lava 
clasts set in a recrystallised carbonate matrix. Upwards there is a basal limestone of coarse 
bioclastic calcarenite with clasts of coral, locally bound by microbial mats, but generally set 
in a sparry cement. 
Lithologies: As well as the lithologies seen in the type section, microbial limestone and 
boundstone with intact corals are present, locally. North of Basmakçi the limestone is mostly 
fragmental with large foraminifera, including Nummulites and Miliolinids, together with 
gastropods and coral fragments. 
Lower and Upper Boundaries: The lower boundary of the unit is a conformable contact with 
the U1ukila Formation. This contact is always marked by a clastic deposit of reworked 
volcanogenic material with a carbonate cement. The upper boundary is a conformable 
contact with the Bozbeltepe Formation. 
M. 
Thickness and Lateral Extent: The thickness of the unit vanes, and in places pinches out 
laterally. The thickness varies from 5-6m north of Basmakçi village to 100 in south of the 
village. 
Age: The Basmakçi Member is dated as Late Palaeocene. 
2.3.6. Bozbeltepe Formation 
Synonymy: Conformably above the shallow-water carbonates (Hasangazi Formation) there 
is a regionally extensive unit of clastic deposits (post-volcanic "flysch" deposition of 
Demirtah etal. 1984) that was assigned various local names by different authors. To the 
south of the main outcrop of the Ulukila Formation the sediments were named as the 
Bozbeltepe Member by Demirtali etal. (1984); to the west, as the GUney Turbidites by 
Oktay (1982); to the north as the camardi Formation by Yeti (1978) and as the Ovaçik 
Formation by Dellaloglu and Aksu (1986). Each of these units is dominated by mud-rich 
turbidites; all conformably overlie the shallow-water carbonates of the Hasangazi Formation 
(the Basmakçi or GUmU Members) or the Ulukila Formation directly. For these reasons 
the various local units are interpreted as facies equivalents of similar age and are thus named 
the Bozbeltepe Formation. 
Name and Type Locality: The name Bozbeltepe Formation is derived from the type locality 
at Bozbel Hill, 11 km east-south-east of Uluki1a (Fig. 2.12). The type section consists of 
well-stratified fine-to-medium interbeds of calcareous medium-to-fine blue sandstones and 
mudstone. The finest material is coarse silt grade and contains notable amounts of mica. The 
coarser parts are dominated by volcaniclastic material but also contain nummulites and local 
limestone clasts. There is extensive evidence for high-energy deposition, usually as rippled 
and planar cross-bedding on a bedding scale. 
Litho!ogies: The formation largely consists of turbiditic sandstones and mudstones. 
However, local variation is reflected in other lithologies including conglomerates and 
breccias in the Yenikoy area (10 km east of Basmakci) and tuffaceous deposits north of 
Guney village (9.6 km north of Uluki1a). Indicators of current deposition are common 
throughout the formation; also north of Guney slump horizons indicate slope deposition. 
The Formation as a whole shows upward-fining characteristics. 
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Lower and Upper Boundaries: The lower boundary of the Bozbeltepe Formation is a 
conformable contact to the Hasangazi Formation, where present, or to the Ulukila 
Formation elsewhere. The unit is conformably overlain by evapontes of the Kabaktepe 
Formation in the south, but unconformably overlain by the terrestrial elastics of the 
Oligocene Aktoprak Formation in the north of the basin. 
Thickness and Lateral Extent: The Bozbeltepe Formation vanes in thickness considerably, 
but has an average thickness of approximately 400 m. It is only present in the eastern part of 
the basin and apparently pinches out 6 km west of Ulukila. 
Age: The Bozbeltepe Formation is of Early to Late Eocene age. 
2.3.7. Kabaktepe Formation 
Synonymy: Kabaktepe Member, Demirtah et al. (1984), Zeyvegedii Anhydrite, Oktay 
(1982), Kabaktepe evaporite, Atabey et al. (1990). 
Name and Type Locality: The name Kabaktepe Formation is taken from Kabak hill, 6.3 km 
southeast of Ulukila (Fig. 2.12). The type section is exposed along the eastern flank of 
Kabak hill and consists of redeposited evaporite material and secondary crystalline 
evaporite. The section starts with intercalated sediments and debris flow deposits, overlain 
by turbiditic and slumped deposits. These pass upwards into bedded evaporitic mudstones 
and eventually well formed selenite deposits. 
Lithologies: The formation entirely comprises evapontic material apart from minor 
carbonate mudstone intercalations near the base of the sequence. Sugary recrystallised 
selenitic evaponte is also common and usually dominates exposures away from the type 
section. 
Lower and Upper Boundaries: The lower boundary is a transitional contact with the 
Bozbeltepe Formation, clearly seen at the base of the type section. The upper boundary is an 
unconformable contact to terrestrial sandstones of the Aktoprak Formation. 
Thickness and Lateral Extent: The thickness of the evaporites is approximately 200-300 in 
although this varies over the lateral extent. The evaporite deposits appear to be limited to the 
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south central part of the basin, extending from Gumü to cat Mah, 15 km WSW of U1ukila, 
and appear to be ponded in this zone. 
Age: The Kabaktepe Formation is of Late Eocene age. 
2.3.8. Aktoprak Formation 
Synonymy: Aktoprak Formation, Demirtali et al. (1984), Aktoprak Formation, Jaffey 
(2001). 
Name and Type Locality: The name of the formation is taken from the village of Aktoprak to 
the southwest of Ulukila (Fig. 2.12). Demirtali etal. (1984) divide the Aktoprak 
Formation into two Members, a lower Kurtulmu§ Tepe Member and an upper Sandstone 
Member. The type section for the lower Member is Kurtulmu Tepe, 2 km south of 
Ulukila; the type section for the upper Member is near Aktoprak Village. 
Lithologies: The Aktoprak Formation is dominated by red and green sandstones. The lower 
Kurtulmu§ Tepe member consists of bluish grey marls and clay-rich lacustrine limestones 
with abundant gastropods fossils (Demirtali et al. 1984); however, the base is marked by 30 
in thick sequence of alternating beds of red and green sandstone. The upper Sandstone 
Member of Demirtali et al. (1984) consists of red and green sandstones with occasional 
siltstone and marl intercalation. For the purposes of this study the division into two 
members has not been used, instead the Aktoprak Formation has been treated as a single 
continental depositional unit. 
Lower and Upper Boundaries: The lower boundary of the Aktoprak Formation is an 
unconformity, the nature of which is varied across the basin. In the southern part of the 
Ulukila Basin the Aktoprak Formation was deposited in the Aktoprak Sub-basin (Fig. 2.13) 
and in the centre of this area the unconformity has a very low-angle (<10°) contact with the 
Kabaktepe Formation, as seen at Kabaktepe Hill. Towards the edges of the sub-basin the 
contact has a greater angular discordance (20-30°). In the north of the Ulukila Basin the 
Aktoprak Formation has an unconformable contact with the Ulukila Formation. 
Thickness and Lateral Extent: The thickness of the Aktoprak Formation is reported by 
Demirtali et al. (1984) as 1450 m. As mentioned above, in the south of the Ulukila Basin 
the Formation is deposited in the Aktoprak Sub-basin, however, north and west of this area 
the deposits are extensive, appearing as a cover sequence over the U1uki1a Basin. 
Age: The Aktoprak Formation is of post-Eocene age. 
RIVA 
2.4. DATING OF REVISED STRATIGRAPHIC SCHEME 
In order to establish correct ages for the formations in the revised stratigraphy (section 1.3) 
samples from throughout the stratigraphy were analysed for micropalaeontological 
determination. Thin sections of twenty-five limestones and calcareous, fossil-bearing 
mudstones from the Ulukila Basin were sent to Prof.Dr.Nurdan Man & Doc. Dr. Kemal 
Tash at Mersin University (Turkey) with primary descriptions and determinations. 
As discussed in section 1.1 the revision of the stratigraphic scheme was an important part of 
the project and dating of the rocks was paramount in this. Correct dating of the revised 
stratigraphic scheme is fundamental to the rest of the study, especially in interpretation of the 
basin history, comparison to other areas and when making inferences about regional 
tectonics history. On a local scale, confirming the mapping was also achieved, for example 
some outcrops of Bozbeltepe Formation (Eocene) were formerly mapped as Halkapinar 
Formation (Palaeocene). Correct dating is also imperative for constructing subsidence 
curves. 
The following outlines the procedure, which is subsequently followed by discussion of the 
results and their relevance. Finally, a table of the new ages (and the relationships between 
the Formations) is presented and the significance of the data are highlighted by showing 
alterations resulting from the new data. 
2.4.1. Sampling Strategy and Fossil Assemblages 
Samples were chosen for having good foraminiferal assemblages and a wide coverage of the 
basin and stratigraphy. Initial petrographic analysis of a large number of samples established 
those that contained contemporaneous fossil assemblages, with any samples showing 
obvious signs of reworking (e.g. lithic grains, extensive fragmentation of fossils etc) 
removed. Removal of rocks containing reworked sediment meant that the samples were 
more likely to be indicative of the true age of the formation. Twenty-five samples were 
deemed appropriate for analysis by Prof. man and Dr. Tash. Table 2.3 gives the sample 
names and the original mapped unit from the 1:50 000 scale map of Demirtah et al. (1984); 
Figure 2.13 then shows the location of sample points on the simplified geological map of the 
basin (expanded in section 2.5 and Figure 2.14). 
Table 2.3 - Table showing rock-type, assigned unit and assigned age from Demirtah et al. 1984 and 
cevikba 1991 for samples used in palaeontological work in this study. 
Sample Rock Description Information from Demirtali et aL 1984 
Number (Omerli Member dates from cevikba, 
1991 
Mapped Unit Age 
MCOO-5 Pelagic mudstone containing planktonic 
foraminifera. 
MC99-34 Fine-grained turbiditic sandstone (with 
microslumping). Bozbeltepe Member Early Eocene 
MC98-3 1 Red and green pelagic mudstone with 
planktonic foraminifera. 
MC99-38 Calcarenite with pervasive supporting 
mud cement. 
MC98-40 Fine-grained light grey mud-dominated 
limestone with foraminifera, microbial 
structures, bivalves and echinoids. Gumü Member Early Eocene 
MC99-28 Micrite-supported limestone with 
nummulites and small bivalves. 
MC99-93 Bioclastic limestone - bioclastic material 
is fragmental and in some places bound 
by microbial material. Basmakci Member 
MC99-16 Massive bedded sparry limestone with 
reduced fossil content. 
MC98-55 Fragmental bioclastic material within a 
dark red cement, with minor micrite and 
sparry calcite. 
Ulukila Formation Early - Mid MCOO-3 1 A Similar to below - MCOO- 13. 
Eocene MCOO- 13 Bryozoan-rich limestone with varied 
clasts, supported by a sparry cement, but 
some grain-on-grain contacts present. 
MC99-86 Biomicrite - Mudstone with planktonic 
foraminifera, broken shell fragments and 
some microbial material, few lithograins Halkapmar Formation Mid Palaeocene - 
present. Mid Eocene 
MC99-85 Micrite matrix supported biomicrite - 
bioclasts are 90% of rock, varied and 
20% of which are fragmental. 
MC98-3 8b Calcarenite of redeposited and reworked 
limestone. Texturally varied, sometimes 
sparry, sometimes micrite between grain- 
supported parts. 
MC99-65 Matrix-supported bioniicrite. Large 
foramimfera are present but also 
lithograins which are sub-rounded-sub 
angular and polylithic. 
MCOO-2 Nummulitic bio-sparite with abundant 
echinoids and possible coral material. 
MCOO-20 Angular-grained calcarenite, with 
bioclastic material, held in a micrite 
Halkapmar Formation 	Mid Palaeocene - 
Mid Eocene 
matrix. 
MC99- 100 Nummulitic biospante - well sorted 
calcarenite containing nummulites. 
MC99- 112 Biomicrite —10% of rock is microbial 
material. Grains dominated by benthic 
foraminifera and algae. 
MC99-22 Bioclastic intramicrite - grapestone 
bearing micrite with small bioclasts of Kalkankaya Tepe Late Maastrichtian 
benthic foraminifera, broken shell Member - Early Palaeocene 
fragment and microbial material. 
MC99-57 Similar to MC99-97 - replacement of 
tests by sparite or micrite is 1:1. (Omerli Member - (Maastrichtian - 
cevikba, 1991) çevikba, 1991) MC99-97 Biomicrite - planktonic foraminifera in a 
calcareous mudstone. 
MC99-79B Biosparite - bioclasts are poorly sorted Lower Palaeocene 
and often fragmental Guneydagi Member - Mid. Palaeocene 
MC99-25 Similar to MC99-24 but showing some 
planar lamination. ciftehan Unit Late Campanian - 
Maastrichtian MC99-24 Red biomicrite with pelagic foraminifera. 
Table 2.3 - Table showing rock-type, assigned unit and assigned age from Demirtah et al. 
1984 and Qevikba§ 1991 for samples used in palaeontological work in this study. 
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Key to lithological symbols 
Aktoprak Formation and younger 
continental sedimentation 
Kabaktepe Formation 
E Bozbeltepe Formation 
Basmakci Formation 
EI Ulukila Formation 
LiI Halkapinar Formation 
Aktatepe Formation 
Alihoca Ophiolite Mélange 
IIF-I Njgde Massif 










Locality and Sample No.s 
o MC99/24 & 25 E) MCOO/31A 
MC99/79B MC98/55 
MC99/97 & 57 MC99/1 6 
MC99/22 MC99/93 
MC99/112 MC99/28 
MC99/100 & MCOO/2 MC98/40 
© MCOOI20 & MC99/65 ® MC99/34 & 38 
MC98/38B MC98131 
MC99/85 & 86 MCOO/5 
MCOO/13 
Figure 2.13— Simplified geological map (expanded in section 2.5, figure 2.14) showing 
localities of samples used in dating of the revised stratigraphy from this study. 
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Table 2.4 shows the fossil assemblages from each of the sample. The table also shows the 
age inferred from the assemblage and diagnostic fossils within the assemblage. 
Table 2.4 - Fossil assemblages in limestone samples from the Ulukila Basin as determined by Prof. 
tnan and Dr Tash of Mersin University (Turkey). Inferred ages are also shown. 
Sample Fossil assemblage Age 
MCOO-5 Morovella angulata (WHITE) LATE PALAEOCENE 
"Subbotina "pseudobulloides (PLUMMER) 
Morozovella conicotruncana (SUBBOT1NA) 
Planorotalites ehrenbergi(BOLLI) 
P. compressa (PLUMMER)  
MC99-34 "Subbotina "pseudobulloides (PLUMMER) PALAEOCENE 
MC98-3 1 Morozovella angulata (WHITE) PALAEOCENE 
MC99-38 Acarinina topilensis (CUSHMAN) THANIETIAN 






Orduella sp.  
MC98-40 Idalina sinjarica (GRIMSDALE) THANETIAN 
Soriella cf bitlisica (SIR.EL) (Late Palaeocene) 
Pfendericonus sp. 




MC99-28 Same as MCOO-20 MIDDLE ?-ILERDIAN 
MC99-93 Idalina sinjarica (GRMSDALE) THANETIAN 
Fabularia donatae (DROBNE) (Late Palaeocene) 
Periloculina slovenica (DROBNE) 









Lithophyllum mengaudi var. carp atica 
LEMO1NE 
Distichoplax biserialis (DIIETRICH) 
Amphiroa propria (LEMOINE) 
Corallina cf abundans LEMOINE 
Ethelia alba PFENDER  
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Sample Fossil assemblage Age 
MC99- 16 Same as MCOO - 13 THANETIAN 
(Late Palaeocene) 
MC98-55 Kathina selveri SMOUT EARLY EOCENE 
Proteiphidium sp. (ILERDIAN-KUIZIAN) 
Textularia sp. 
Morozovella aragonensis (NTJTT AL) 
Globigerinatheka sp. 
Globigerina sp.  
MCOO-31A Gypsina linearis (HANZAWA) THANETIAN 






Distichoplax biserialis (DIETRICH) 
Lithophyllum men gaudi var. carparhica 
LEMOINE  
MCOO- 13 Discocyclina seunesi DOUVIILLE THANETIAN 
Sistanites iranica RAHAGHI (Late Palaeocene) 







Distichoplax biserialis (DIETRICH) 
Lithophyllum mengaudi var. carp at hica 
LEMOINE 
Ethelia alba PFENDER 
Lithothamnium sp.  
MC99-86 Planorotalites compressa (PLUMMER) EARLY-MIDDLE 
spicules (abundant) PALAEOCENE 
MC99-85 Same as MC99-1 12 THANETIAN 
(Late Palaeocene) 
MC98-38B Orbitoides medius D'ARCHIAC LATE 
O.apiculatus SCHLUMBERGER MAASTRICHTIAN 
Simplorbitoides papyraceus (BOUBEE) 
Hellenocyclina beotica REICHEL 





MC99-65 Same as MC99-100 EARLY? -ILERDIAN 
(Early Eocene) 
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Sample Fossil assemblage Age 
MCOO-2 Nummulites minervensis SCHAUB LATE?-ILERDIAN 
Ncfmillecaput BOUBEE 
Naff. praecursor DE LA HARPE 
Assilina cfprisca SCH 
Ranikothalia sindensis DAVIES 
Alveolina ellipsoidalis SCHAUB 
A.pasticillata SCHAUB 
A. ('Glomalveolinq) levis HOT-FINGER 
Cuvillierina sireli INAN 
Lockhartia haimei (DAVIES) 
Miscellanea primitiva (RA}IAGHI) 
Asterigerina rotula (KAUFMANN) 
Orbitolites complanatus LAMARCK 
Discocyclina seunesi DOUVILLE 
Idalina sinjarica GRIMSDALE 




MCOO-20 Nummulites minervensis SCHAUB MIDDLE ?-ILERDIAN 
N. mamillatus (FICHTEL&MOLL) 
Ncf millecaput BOUBEE 
N cf. uranensis (DE LA HARPE) 
N.affpraecursor DE LA HARPE 
Assilina subspinosa DAVIES&PINFOLD 
A.prisca SCHATJB 
Ranikothalia sindensis (DAVIES) 
Discocyclina seunesi DOUVILLE 
D.dispansa SOWERBY 
Orbitoclypeus ramaraoi ramaraoi 
(SAMANTA) 
Asterocyclina stella taramellii MUNtER 
CHALMAS 
Asterigerina rotula (KAIJFMANN) 
Rotalia trochidformis LAMARCK 
Operculina sp. 
Eponides sp.  
MC99-100 Mississippina binkhorsti (REUSS) EARLY? -ILERDIAN 
Idalina sinjarica GRIMSDALE (Early Eocene) 
Soriella bitlisica SIREL 







Ophthalmidium sp.  
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Sample Fossil assemblage Age 
MC99-1 12 Missisippina binkhorsti (REUSS) THANETIAN 
Rotalia trochidformis LAMARCK (Late Palaeocene) 
Miscellanea miscella (D'ARCHIAC&HAIME) 
Mjuliettae LEPPIG 






Aig-Ethelia alba PFENDER 
Amphiroa propria (LEMOINE) 
Annelid-Ditrupa cornea LINNE 
Bryozoa 
Ostrcod  
MC99-22 Loflusia harrisoni COX LATE 
Cuneolina ketini INAN MAASTRICHTIAN 




Test fragments of Mollusca (abundant)  
MC99-57 Globotruncanita stuartformis DALBIEZ LATE 
G.stuarti 
( 
DE LAPPARENT) MAASTRICHTIAN 
Contusotruncana contusa (CUSHMAN) 
Globotruncana arca (CUSMAN) 
Pseudotextularia sp. 
Planomalinidae 
MC99-97 Globotruncanita stuartformis DALBIEZ LATE 
G.stuarti 
( 
DE LAPPARENT) MAASTRICHTIAN 
Contusotruncana contusa (CUSHMAN) 
Pseudotextularia sp.  
MC99-79B Planorbulina cretae (MARSSON) DANIAN 
Mississippina binkhorsti 
( 
REUSS) (Early Palaeocene) 
Eponides sp. 
Praerhapydionina sp. 
Algae-Amphiroa propria (LEMOINE) 
Annelid-Ditrupa cornea LINNE 
Bryozoa 
Ostracod 
MC99-25 Contusotruncanafornicata (PLUMMER) LATE 
Globotruncanita stuartformis DALBIEZ MAASTRICHTIAN 
G.stuarti (DE LAPPARENT) 
Rugoglobigerina sp. 
Planomalinidae 
MC99-24 Contusotruncana contusa 
( 
CUSHMAN) LATE 
Cfornicata (PLUMMER) MAASTRICHTIAN 
Globotruncanita stuartformis DALBIEZ 
Globotruncanafalsostuarti SIGAL 
Pseudotextularia sp.  
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Table 2.4 (previous pages) - Fossil assemblages in limestone samples from the Ulukila 
Basin as determined by Professor tnan and Dr Tash of Mersin University (Turkey). Inferred 
ages are also shown. 
In Table 2.5 (below) the samples are shown in chronological order by the ages interpreted 
from the fossil assemblages. The table also shows the ages given in Table 2.3 (Demirtah et 
al. 1984 & çevikba 199 1) for comparison. 
Table 2.5 - Table showing the published ages and assigned units for the samples studied (columns 2 
& 3) compared to the new ages presented in this thesis and where the samples feature in the revised 
stratigraphic scheme (columns 4 & 5). 
Sample Published ages Published unit Age from this New unit if 
Number study reassigned 
MC99-28 Early Eocene Giirnii§ Member Middle?-Ilerdian Hasangazi Formation 
- Giimii§ Member 
MCOO-2 Mid Palaeocene - Halkapinar Late?-Ilerdian Bozbeltepe 
Mid Eocene Formation Formation 
MC99-65 Mid Palaeocene - Halkapmar Early? —Ilerdian Bozbeltepe 
Mid Eocene Formation (Early Eocene) Formation 
MCOO-20 Mid Palaeocene - Halkapmar Middle?-Ilerdian Bozbeltepe 
Mid Eocene Formation Formation 
MC99- 100 Mid Palaeocene - Halkapinar Early? —Ilerdian Bozbeltepe 
Mid Eocene Formation (Lower Eocene) Formation 
MC98-55 Early - Mid Ululula Early Eocene U1uki1a Formation 
Eocene Formation (Ilerdian- 
Kuizian) 
MCOO-5 Early Eocene Bozbeltepe Late Palaeocene Bozbeltepe 
Member Formation 
MC99-34 Early Eocene Bozbeltepe Palaeocene Bozbeltepe 
Member Formation 
MC98-3 1 Early Eocene Bozbeltepe Palaeocene Bozbeltepe 
Member Formation 
MC99-38 Early Eocene Bozbeltepe Thanetian (Late Bozbeltepe 
Member Palaeocene) Formation 
MC98-40 Early Eocene Giimii§ Member Thanetian (Late Hasangazi Formation 
Palaeocene) - Gfimii§ Member 
76 
Sample Published ages Published unit Age from this New unit if 
Number study reassigned 
MC99-93 No specific age Basmakci Thanetian (Late Hasangazi Formation 
given Member Palaeocene) - Basmakçi Member 
MC99- 16 No specific age Basmakci Thanetian (Late Hasangazi Formation 
given Member Palaeocene) - Basmakci Member 
MCOO-3 1 A Early - Mid Ulukila Thanetian (Late Ulukjla Formation 
Eocene Formation Palaeocene) 
MCOO- 13 Early - Mid Ulukila Thanetian (Late U1ukila Formation 
Eocene Formation Palaeocene) 
MC99-85 Mid Palaeocene - Halkapinar Thanetian (Late Halkapmar 
Mid Eocene Formation Palaeocene) Formation 
MC99- 112 Mid Palaeocene - Halkapmar Thanetian (Late Halkapmar 
Mid Eocene Formation Palaeocene) Formation 
MC99-86 Mid Palaeocene - Halkapinar Early-Middle Halkapmar 
Mid Eocene Formation Palaeocene Formation 
MC99-79B Lower Palaeocene Guneydagi Danian (Early Aktatepe Formation 
- Middle Member Palaeocene) - Guneydagi Member 
Palaeocene 
MC98-38B Mid Palaeocene - Halkapmar Late Halkapmar 
Mid Eocene Formation Maastrichtian Formation 
MC99-22 Late Maastrichtian Kalkankayatepe Late Aktatepe Formation 
- Early Palaeocene Member Maastrichtian - Kalkankaya 
Member 
MC99-57 Maastrichtian - Omerli Member Late Aktatepe Formation 
(çevikba, 1991) Maastrichtian - Omerli Member 
MC99-97 Maastrichtian - Omerli Member Late Aktatepe Formation 
(çevikba, 1991) Maastrichtian - Omerli Member 
MC99-25 Late Campanian - ciftehan Unit Late ciftehan Unit 
Maastrichtian Maastrichtian 
MC99-24 Late Campanian - ciftehan Unit Late ciftehan Unit 
Maastrichtian Maastrichtian 
Table 2.5 - Table showing the published ages and assigned units for the samples studied 
(columns 2 & 3) compared to the new ages presented in this thesis and where the samples 
feature in the revised stratigraphic scheme (columns 4 & 5). 
77 
2.4.2. Discussion 
The data in Table 2.5 raise some important issues regarding the age of units, the relationships 
between units and the previously assigned ages of certain outcrops where samples were 
taken. Samples where the revised palaeontological dates highlight such issues are discussed 
below by sample number and with relation to previously published ages. 
Sample number MC98/38B is taken from a distinctive horizon in the lower part of the 
Halkapinar Formation. The horizon contains abundant, well-preserved gastropods (section 
3.4.2.2.) and is seen in the eastern part of the Ulukisla Basin. The fossil assemblage in this 
sample indicates an Late Maastrichtian age. The Halkapinar Formation is Middle 
Palaeocene to Middle Eocene age according to Demirtah et al. (1984); however, the age of 
this sample suggests that the base of the Halkapinar Formation is of Late Maastrichtian age. 
The Halkapinar Formation lies conformably on units of the Aktatepe Formation, which are 
also of Maastrichtian age (see below), such that it is unsurprising that the base of the 
Halkapinar Formation should be older than Middle Palaeocene. 
Sample MC99/79B was taken in the western part of the Ulukila Basin from the Guneydai 
Member of the Aktatepe Formation. The fossil assemblage is indicative of an Early 
Palaeocene age, which is unchanged from the published data (Demirtali et al. 1984). 
However, as this unit is assigned to the Aktatepe Formation this date has a bearing on the 
duration of the Aktatepe Formation and its relationship to other formations. The lower 
boundary of the Halkapinar Formation, discussed above, is Late Maastrichtian and thus there 
is a previously unrecognised overlap in the age of these two Formations, which has 
implications for basin architecture and sedimentation at this time. 
Samples MCOO/1 3 and MCOO/3 1A are limestones from within the Ulukila Formation 
(volcanics) and were sampled to try and establish the age range of the formation. The fossil 
assemblages in both samples suggest an Late Palaeocene age. This age is likely to relate to 
the upper part of the Ulukila Formation (see difficulties of establishing a proper stratigraphy 
in section 2.3.4.) as the basin fills with volcanic and volcaniclastic products, reducing water 
depth and resulting in deposition of shallow-water limestones in and on. the volcanics. 
Samples from the Hasangazi Formation (MC99116, MC99/93, MC98/40) yield a Late 
Palaeocene age, whilst an Early Eocene age is seen in sample MC99/28. These rocks are 
deposited conformably on the Ulukila Formation. 
ip 
Samples MC99/38 and MC99/34 are from the Bozbeltepe Formation and are dated as 
Palaeocene. The samples are taken from outcrops at Bozbeltepe east of Ulukila town (Fig. 
2.13) and are directly up section from sample MC99/28 (from Hasangazi road, figure 2.13). 
MC99/28 is as dated Early Eocene (see above), but incongruously appears down-section 
from the Bozbeltepe Formation samples seen above. The Bozbeltepe Formation samples 
MC99/38 and MC99/34 are calcarenite rocks and it is likely that the Palaeocene age is based 
on fossils that have been reworked from older deposits and so are incorrect with respect to 
dating the formation. 
Sample MC98/55 is from a limestone horizon that is interbedded with lava flows mapped as 
Ulukila Formation by Demirtali et al. (1984). The sample was taken in the area of cat 
Mah village in the western part of the Ulukila Basin (Figs. 2.13 & 3.1). The fossil 
assemblage reported in the sample is of Early Eocene age, but dating in the east of the 
Ulukila Basin suggests that the upper limit of the Ulukila Formation is Late Palaeocene. 
Demirtali et al. (1984) date the Ulukila Formation as Early to Middle Eocene and thus 
have potentially recorded some variation in the age of volcanic extrusion in the basin. It is 
thus possible that a late stage of volcanic extrusion in the west of the Ulukila Basin is 
recorded by the rocks near cat Mah village. The outcrops are close to outcrops of the 
Bozbeltepe Formation and may represent intercalation of the two units. Deformation in the 
area precludes any contacts being clearly seen. 
Sample numbers MC99/100 and MCOO/2, and MCOO/20 and MC99/65 are from the southern 
margins of the Ulukila Basin, around Kara Gölu and south of the village of Aktoprak, 
respectively (Figs. 2.13 & 3.1). The samples are from sections of turbiditic sandstone and 
siltstone alternation and were previously mapped as Halkapinar Formation. The ages of 
fossil assemblages in these rocks are dated from Early to Late Eocene and it thus likely that 
these outcrops are of Bozbeltepe Formation rather than Halkapinar Formation. This 
confirmed field mapping of these sections, which found extensive nummulite fossils at the 
base of both sections and a contact with evaporites of the Kabaktepe Formation at the top of 
the section near Aktoprak. The contact with the evaporites zone is not well exposed but 
there is limited evidence of unconformity and no evidence of extensive faulting around the 
boundary, thus a conformable boundary is likely. The reassignment of these rocks to the 
Bozbeltepe Formation has important bearings for basin reconstruction in the Eocene, 
displaying a previously unrecognised unconformable contact at the base of the Bozbeltepe 
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Formation in the south of the basin and indicating a wider distribution of sedimentation at 
this time. 
2.4.3. Conclusions and Results 
Table 2.6 summarises the above into a simple table displaying the results from the dating, 
giving new age limits for the formations and relationships to other units. 
MY 
00 
Bolkar Alihoca çiftehan Unit Aktatepe Halkapinar Ululula Hasangazi Bozbeltepe Kabak- 
Formation Carbonate Ophiolite Formation Formation Formation Formation Formation tepe Fm. 
Platform Mélange 
Kabaktepe Conformable Conformable Ut 
Formation N/C N/C N/C N/C N/C N/C E of Gümü  
village  
Conformable where Conformable gu 
Bozbeltepe Jnconfonnity Basmakqi Fm. not lL 
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transitional in west 
Conformable IM 
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Aktatepe 
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Carbonate Table 2.6— Table showing the ages of formations in the revised stratigraphic scheme from 
Platform the bottom to the right of the table. In the mid part of the table contact relationships between 
formations are shown. (N/C = no contact present in the basin). 
2.5. STRUCTURE -. UNIT CONTINUITY & COHERENCE 
This section provides a brief introduction into the structural geology of the Ulukila Basin, 
discussed in more detail in Chapter 5. It is intended that this section gives an overview of 
the structure in the basin, some ideas on why it was important to assess the structural history 
in this study and also how folding and faulting in the basin provides the opportunity to look 
at a complete stratigraphy. 
The structural geology of the Ulukila Basin have received relatively little attention, even by 
previous workers mapping in the area. Demirtali et al. (1984) present some of the structural 
features in their published map (Figure 2.7). This map formed the original basis of the maps 
presented in this study, although they have been added to based on the fieldwork presented 
here. However, discussion of the structure is very limited only briefly mentioning the large 
fold structures in the basin and noting that the N-S compressional trend is similar to that seen 
in the Bolkar Carbonate Platform. The presence of a large thrust fault near Maden village in 
the Bolkar Carbonate Platform rocks is also noted. 
As described in Section 2.2.2., Oktay (1973) divided the structural history into three stages: 
a compressional stage, a period of "mild orogenic movements" in the Miocene and a 
Pliocene extensional stage. This goes further than Demirtah et al. attributing the major 
structures to tectonic processes. However, there was also limited discussion of the finer 
points of the structural history and these stages only account for the large-scale features 
mapped. 
More recent structural investigation is further limited. çevikba (199 1) mapped a thrust 
fault in the southern part of the Ulukila Formation volcanics, which is an important part of 
the compressional phase. Dilek & Moores (1990) give some insight into the structure of the 
Bolkar Carbonate Platform and include some discussion of reverse faulting near Maden 
village. Other work in the area (Whitney & Dilek 1997; 1998; 2000; Dilek & Whitney 2000; 
Gautier et al. 2001; Fayon et al. 2001) assess the northern margin of the basin and a faulted 
contact with the Nigde Massif (see sections 2.7.2.1 & 5.2.2.1). 
None of the above works present any detailed investigation and / or discussion of the 
structural geology of the basin. Whilst a comprehensive detailed investigation of the precise 
nature of the structural history the basin was beyond the thorough scope of this study, it is 
hoped that the work presented here and in Chapter 5 provides enough information to justify 
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inclusion of the deformation history in the basin history. This work is of course vital in 
interpreting the tectonic processes active at the times in question. 
Figure 2.14 is a simplified geological map of the Uluki1a region (after Demirtali et al. 
1984) that exhibits the principal structural features of the Ulukila sedimentary basin. The 
regional strike of the basin is approximately east-west, chiefly governed by large-scale 
folding of the basin. The axes of the folds run roughly parallel to the northern boundary of 
the Bolkar Carbonate Platform and suggest an overall N-S compression. The outcrop pattern 
also shows that in the south of the basin the folds plunge gently to the west; in the north they 
plunge gently to the east. In general, folds are acute open (to tight) and upright, with a gentle 
plunge. Because this architecture dominates the basin, north-south transects provide sections 
through the stratigraphy allowing vertical contact relationships to be observed between all of 
the units. In general, lateral continuity of units in the basin is also good, allowing assessment 
of along-strike facies variation. In some examples units crop out over long distances without 
a break, although the gentle plunge of fold structures and the extensive post-Eocene cover 
rocks place limits on the extent of lateral outcrop. Variation in unit thickness is discussed in 
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Bolkar Carbonate Platform 	 Nigde Massif 
Figure 2.14 - Simplified geological map of the Uluki1a Basin, outlining the distribution of the 
major rock types and highlighting the large-scale structural features of the Ulukila Basin 
(modified after Demirtah etal. (1984). 
Figure 2.14 also highlights the prevalence of large-scale faulting in the basin. Two features 
are notable at this stage. Firstly, thrust faulting within the basin is suggestive of N-S 
compression. Thrust faults in an E-W orientation are a frequent feature of the basin and 
occur at all scales (see Chapter 5). Thrust faulting of the basin, along with the fold 
structures, results in all levels of the sedimentary and volcanic basin fill being exposed; 
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however, the thrust faults do cause breaks in stratigraphic continuity. This leads to some 
difficulties in correlation in the southeast of the basin where deformation is most intense, as 
shown by greater structural dips, more regular faulting and out-of-sequence repetition of 
units. 
Another complication resulting from deformation of the basin is the difficulty of assessing 
unit thickness. Folding and faulting are present at all scales and in some areas cause 
extensive thickening of units, which has in the past led to extreme variation in estimates of 
unit thickness. For example, the U1ukila Formation was estimated to be 22 km thick by 
Blumenthal (1956) approximately 5 km thick by Oktay (1973), although he did recognise 
that "the true thickness of the formation could not be measured". Demirtah et al. (1984) 
did not give any thickness estimate. Estimating the thickness of the Ulukila Formation is 
also hampered by the nature of the volcanic pile and the problems of devising a useful 
stratigraphy for the formation (see Section 2.3.4.). In other cases the attitude of the rocks 
provides an excellent vertical section through complete formations with only limited 
outcrop-scale folding, e.g. Halkapinar Formation near GümU village and between çakillar 
gorge and Biter Da. However, assessment of along-strike variation in formation thickness 
requires care so as to remove the effects of structural thickening. 
The second faulting feature worth noting at this stage is the difference in the nature of the 
contacts at the north and south of the Ulukila Basin (Fig.2. 14). The contact in the south 
between the Ulukila Basin and the Bolkar Carbonate Platform is a thrust. This fault has a 
dip of c.30' to the south and is seen along most of the northern edge of the Bolkar Carbonate 
Platform, exposed at the base of the cliff face which marks the northern front of the 
Platform. This fault was first briefly described by Demirtali et al. (1975) and named the 
Bolkar Thrust and was assigned an Early Eocene age. In contrast, the northern contact of the 
Ulukila Basin is marked by an extensional fault that separates the Ulukila Basin from the 
Nigde-Kirehir Massif. This contact was first described as a major low-angle detachment by 
Whitney & Dilek (1997) and attributed to Miocene exhumation of the Nigde Massif area. 
Gautier et al. (200 1) confirm the presence of a large normal fault along this contact but 
dispute its age, suggesting that faulting was initiated in the Early Eocene (Chapter 5). 
2.6. OUTLINE OF BASINS OF REGIONAL RELEVANCE 
As mentioned above, Central Anatolia consists of several microcontinental units and 
intervening suture zones between them. Along these suture zones, and on the 
microcontinental units, many varied sedimentary basins are found (Fig 2.15). The following 
is a brief outline of the basins which have some bearing on, or relevance to, the Ulukila 
Basin; a broader overview of all of the Central Anatolian basins is given in GörUr et al. 
(1998). The relevance of these basins to a discussion of the Ulukila Basin is addressed later 
in the thesis (Section 7.2). 
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Figure 2.15— Sedimentary basins of Central Anatolia (from GörÜr etal. 1998) with the Nigde-
Kirehir Massif and the local Tauride units also shown. Key -: HB - Haymana; CB - canhn; 
KKB - Kirikkale; TB - TuzgolU (sensu stricto); UB - Ulukila; SKB - Sarkila; RB - 
Refahiye; SB - Sivas; YB - Yildizeli; YSB - Yozgat-Sorgan; KB - Kirehir-Kaman, NKM - 
Nigde-Kirehir Massif, NM - Nigde massif, EFZ - Ecemi§ Fault Zone sediments, BP - Bolkar 
Carbonate Platform, TA - The Aladag, LA - Lice area. 
2.6.1. TuzgolU Basin 
The Upper Maastrichtian to end-Eocene TuzgolU Basin (Complex) lies to the NW of the 
Ulukila Basin (Fig. 2.16) and represents a cluster of epi-orogenic basins situated at the 
convergence of several suture zones (Görur et al. 1984). The contact between the Tuzgolu 
and Ulukila Basins is not exposed due to the presence of extensive Neogene continental 
deposits in the area. However, similarities between the stratigraphic and structural histories 
of the basins suggest that they may be physically and/or genetically connected. The 
Maastrichtian to Eocene history of the TuzgolU Basin is dominated by deep marine clastic 
sedimentation in the centre of the basin with shallow-marine to continental clastic 
sedimentation around the basin margins (Görur et al. 1984; cemen et al. 1999), upper 
Eocene evaporites are also present. Volcaniclastic sediments of Late Eocene age are also 
reported (çemen et al. 1999), but limited to the west of the basin (Fig. 2.17). 
32E 
Figure 2.16— Simplified geological map of the Tuzgolii Basin from cemen etal. (1999). 
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Figure 2.17 - Stratigraphy of the TuzgolU Basin showing western and eastern profiles and 
variation in deposition (from cemen etal. 1999). 
Görur et al. (1984) envisage the Tuzgolu Basin as a fore-arc basin developed over a north 
dipping subduction zone between the Nide-Kirehir Massif and the Menederes-Tauride 
(Bolkar) Carbonate Platform (Fig. 2.18). çemen et al. (1999), however, believe the basin to 
be of extensional (or trans-tensional) origin, developing in an extensional environment on a 
single Anatolide Block (i.e. the Nigde-Kirehir Massif and Menderes-Tauride (Bolkar) 
Carbonate Platform as one unit). 
Figure 2.18— Proposed origin of the Tuzgolu Basin according to Görur et al. (1984). The 
Tuzgolii Basin is shown developing as a fore-arc basin on the Eastern side of a subduction 
zone, which is consuming the Inner Tauride Ocean. 
2.6.2. Sivas Basin 
The Sivas Basin has a roughly arcuate shape centred on the town of Sivas, 360 km east of 
Ankara. East of Sivas the basin is oriented east-west; west of Sivas the basin has a NE- SW 
orientation (Fig. 2.19). The total length of the basin is approximately 300-350 km making it 
the third largest of the central Anatolian basins, (GörUr etal. 1998). The boundaries of the 
basin are the Tauride Block to the south, the Nigde-Kirehir Massif to the west and north-
west (of the western part of the basin); the north is bounded by the North Anatolian thrust 
belt in the east of the basin (Poisson et al. 1996). 
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Figure 2.19— Simplified geological map of the Sivas Basin, (from Gökten 1986). 
The following brief summary of the Sivas Basin stratigraphy is from GörUr etal. (1998). 
The basement of the Sivas Basin consists of pre-Cenomanian metamorphic rocks with 
unconformably overlying Upper Cretaceous and Palaeocene shallow-water carbonates of 
Nide-Kirsehir Massif affinity (Görür et al. 1998). Within the basin sedimentation began 
with neritic carbonates, unconformably overlain in the Ypresian (L. Eocene) by locally 
coarse conglomerates which grade upwards into turbidites. Also present are abundant 
volcanics, tuffs and agglomerates. The turbidites are dominantly sourced from nearby 
ophiolites which are present on both the Nigde-Kirehir Massif tothe north and west and the 
Taurus Mountains to the south; in addition, they also contain radiolarites and limestone 
clasts of various affinities, including locally derived fossiliferous Palaeocene limestones. 
Sedimentation of this type continued through the Lower and Middle Eocene. The Late 
Eocene is recorded as a period of uplift, erosion and deformation. In the Oligocene 
sedimentation was lagoonal and continental with deposition of gypsiferous and variegated 
clastic sediments above a slight unconformity. 
The Sivas Basin is envisaged by GörUr et al. (1998) as a foreland basin constructed on the 
Nide-Kirehir Massif that developed in response to closure of northern Neotethys along the 
Ankara-Erzincan suture to the north. Poisson et al. (1996) consider the Sivas Basin to be a 
foreland basin developing in response to deformation and tectonism of the Tauride Belt to 
the south. In contrast, Dirik et al. (1999) propose an intra-continental extensional origin for 
I 
- 
the Sivas Basin, as a result of post-collisional thickening followed by (gravitationally 
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Figure 2.20 - Schematic diagram showing the Sivas Basin developing as a rift basin on a 
single Central Tauride Microcontinent, consisting of the Central Anatolian Crystalline 
Complex and Bunyun Metamorphics (in this study the terms Nide-Kirehir Massif, Tauride 
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2.6.3. §arki§la Basin 
The Sarkila Basin lies 85 kin south-west of Sivas and has a relatively small outcrop (Fig. 
2.21). The basin is probably linked with the Sivas Basin and is reported to have developed 
as a sub-basin within the Sivas Basin system (GörUr et al. 1998). Again, GörUr et al. (1998) 
present a useful summary of the basin's stratigraphy: A basement of ophiolite mélange is 
overlain by 3 km of dominantly volcaniclastic turbidites, which were unconformably 
deposited above an Upper Cretaceous basal conglomerate. Deposition of turbidites was 
accompanied by emplacement of olistostromes of ophiolite and volcanic origin. The 
Palaeocene saw eruption of basaltic and andesitic lavas. Shales, nentic limestones, tuffs and 
locally mass-wasting deposits were also formed. This was a period of shallow-marine 
deposition, which continued through the Ypresian, but was terminated by the Lutetian, which 
was a period of shallow-water marl deposition. The Middle and Upper Eocene was a period 
of compressional deformation and non-deposition. Sedimentation resumed in the Oligocene 
with sandstone, evaporite, fresh-water limestone and lignite deposition. 
Figure 2.21 - Simplified geological map of the Sarkila area (from Gokten 1986). 
There are clear similarities between the Sarkila Basin and the Ulukila Basin (Gökten & 
Floyd 1987; Görur et al. 1998; Prof. Gilbert Kellingpers. comm. 1999), which are discussed 
later in the thesis. GörUr et al. (1998) propose that the Sarkila Basin is an intra-arc basin 
that developed during northward subduction of the Inner Tauride Ocean. 
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2.6.4. Lice Area 
Akta & Robertson (1984; 1990) describe the Lice area of southeast Anatolia, lying to the 
north of the border between Turkey and Syria (Fig. 2.22). The area comprises a nappe 
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Figure 2.22 - a) Outline location and geological map of the Lice area, b) Simplified 
geological map of the area enclosed in a rectangle in figure a). The Karadere lavas are exposed 
in the eastern half of the map and are shown by an alternating dash and "v" pattern. After 
Akta§ & Robertson 1990. 
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Ihe area consists of tour main units (Akta & Robertson 1984): 
Bitlis-Keban-Malataya-Puturge nappe, metamorphic remnants of a Tethyan ocean 
basin and its margins. 
. Elazig-Palu nappe, Late Cretaceous-Eocene volcanic arc formed on the northern 
continental margin of the ocean basin. 
The Maden Complex, late Mesozoic ophiolitic rocks and Tertiary sediments, 
tectonic mélange and mafic volcanics. 
Autochthonous and para-autochthonous passive margin and foreland basin 
successions of the Arabian continental rnari.in. 
The geology of this area may prove to be analogous to the UIukila Basin. Similarities 
include location between two continental units, Lower Tertiary volcanism, also, adjacent and 
included ophiolitic complexes. The Maden Complex includes two suites of volcanic rocks, 
Late Cretaceous extrusive rocks of ophiolitic affinity and Middle Eocene extrusives known 
as the Karadere Formation (Fig. 2.23). It is these, "Karadere Lavas", which provide a useful 
comparison to the Ulukila Basin. 
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Figure 2.23 - Scematic cross section of the Maden Complex showing the relationship between 
the nappes. Line of section A-A' on figure 2.22 b) (Akta and Roberston 1990). 
Akta & Robertson (1990) describe the Karadere Formation and the geochemistry of the 
volcanics in some detail (see Section 7.2). The formation comprises a 2 km-thick volcanic 
succession with intercalations of tern genous turbidites, metalliferous mudstone, pelagic 
limestone and a few massive sulphide lenses. The lavas are pillowed (50-90 %), with 
massive lava flows (10-50%) and lava breccia (0-20%) and are conformably overlain by pink 













Akta & Robertson (1990) also propose a model for the development and evolution olthe 
Karadere Formation volcanics suggesting that the Middle Eocene volcanics relate to 
collision and/or strike-slip (Fig. 2.24). They propose that the volcanics were erupted into 
small transtensional basins which resulted during oblique collision of the Arabian Platform 
with the Tauride Microcontinent. Oblique collision coupled with the irregular continental 
margins could have resulted in areas of varying kinematics, such that some areas 
experienced extension during this, dominantly, compressive time. They suggest that 
'enriched' magma may have exploited older pre-existing deep structures. In this model the 
subduction component is inherited from an older phase of subduction, the Late Cretaceous 
subduction of a Neotethyan ocean basin (that the suture represents) is tentatively suggested. 
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Figure 2.24 Plate tectonic model for the Late Triassic to Late Tertiary evolution of 






Figure 2.25- Photograph from space of the Eastern Mediterranean, looking approximately 
southwest. The cities and towns of Adana, Iskenderun and Halab (in northern Syria) are 




2.7. LOCAL TECTONIC ELEMENTS OF IMPORTANCE 
In the following section the tectonic units that surround the U1ukila Basin are introduced 
and described. 
2.7.1. Bolkar Carbonate Platform (Tauride Microcontinent) 
The Tauride block was rifled from the northern margin Gondwana in the Triassic (Robertson 
& Dixon 1984) and represents the Gondwanian passive margin that developed during rifling 
to form the Northern Neotethyan basin earlier in the Triassic (Collins & Robertson 1998). In 
the present day the Tauride block is represented by a roughly east-west chain of limestone 
mountains in southern Turkey and is divided into western and eastern parts. Of relevance 
here are the Bolkar Mountains of the eastern Taurus, and to a certain extent the Aladag 
Mountains, which occur to the east of the Ecerni Fault Zone (see below) and represent the 
eastern continuation of the Bolkar Mountains (Fig. 2.25). 
r .----J 
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outlined in blue and the Aladag in red. The burnt orange line depicts the orientation of the 
Ecerni§ Fault Zone corridor and the green outline shows the Ulukila Basin. (Original image 
from: htti,:Ilearth.jsc.nasa.gov/). 
The Bolkar Mountains, along with the Ulukila Basin, were the subject of work by 
Demirtali et al. (1975 & 1984) who produced maps of the region and reviewed the 
stratigraphy. In the study the units making up the "back-bone" of the Bolkar Mountains are 
named the Bolkar Group and consist of a thick sequence of limestone with intercalated 
shales and dolomites. In some places this sequence has undergone metamorphism to marble, 
with slate and schist intercalation. The Bolkar Group has been sub-divided into four 
formations which are detailed below (Fig. 2.26). The rocks range in age from the Late 
Permian to the Late Cretaceous. 
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Figure 2.26— Stratigraphy of the northern part of the Bolkar Mountains, from DemirtaIt etal. 
(1984). 
Dedekoy Formation - Dark grey, thick bedded, partially dolomitic limestones intercalated 
with thin-bedded micaceous slate. The formation is 600m thick and fossils indicate a Late 
Permian age. It is interpreted as representing stable shelf deposition. 
W. 
Gerdekesyayla Formation - This unit (c. 700m thick) conformably overlies the Dedekoy 
Formation and consists of alternations of brick-to-buff coloured thin-bedded shale and thin-
bedded, clay-rich limestones in its lower part. The middle part is dominated by dark grey 
medium-to-thin bedded, partly nodular, limestone. The upper part is characterised by dark 
blue-grey, thick-bedded dolomite, with pink and yellowish-grey thin-bedded shale-and clay-
rich limestone interbeds. The formation is dated by fossil evidence as Lower-Middle 
Triassic. It is interpreted as open-marine shelf sedimentation. 
Berendi Formation - The upper part of the Bolkar Group is dominated by neritic carbonate 
deposition and the Berendi Formation (c. 600m thick) represents the lower part of this phase. 
Dark blue-grey thick-bedded dolomites characterise the lower part of the Berendi Formation 
lying conformably above the Gerdekesyayla Formation. These are overlain by light grey-
white thick-bedded recrystallised fine-grained limestone. The Berendi Formation is in 
places totally recrystallised destroying the original sedimentary features. Notably, 
recrystallisation is more intense in the north of the area. Fossils in the formation indicate an 
Late Triassic age and the unit is interpreted as a shallow marine, stable platform. 
Uçtepeler Formation - The upper part of the thick neritic carbonate sequence is the 
Uçtepeler Formation (c. lOOm thick), which is conformable above the Berendi Formation. 
Dark grey, medium-to well-bedded oolitic and dolomitic limestones characterise the lower 
part of the Formation; bauxite pockets are common. The upper part comprises light grey, 
medium-to thick-bedded reef limestones, which are subsequently overlain by pink-to 
yellowish-grey pelagic limestone. Based on fossil evidence the formation is dated as 
Middle-Upper Jurassic to Lower Cretaceous in age for the lower part and Cenomanian to 
Maastrichtian for the upper part. Demirtali et al. (19 84) suggest that the lower part and the 
base of the upper part of the Uctepeler Formation represent shallow-marine platform 
sedimentation, with occasional sub-aerial exposure represented by the bauxite pockets. The 
authors also propose that the pelagic carbonates at the very top of the formation record a 
regional deepening event prior to ophiolite emplacement. 
Structurally, the Bolkar massif forms an east-west trending, northward-overturned, folded 
anticlorium (Fig. 2.27), which is associated to north-verging thrust faulting (Dilek & Moores 
1990). One such fault is seen as the northern margin of the Bolkar Carbonate Platform along 
the Alihoca-Maden valley (see section 1.5 and Chapter 5). The fault is reportedly overlain 
by sediments of the Halkaprnar Formation, suggesting a pre early-Eocene age (Demirtah et 
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al. 19 84). Jaffey & Robertson (200 1) propose a Late Eocene age for the fault based on 
similar deformation within the Ulukila Basin and lithological relationships. A Late Eocene 
age is also attributed to this south dipping thrust by GöncUolu etal. (1991). 
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Alihoca 	Massif Horoz 





Figure 2.27 - Simplified schematic cross-section through the Bolkar Mountains, from Dilek & 
Moores (1990). 
2.7.2. N ide-Kurehir Microcontinent 
Geologically, central Anatolia (Nigde-Kirehir Massif) consists of a roughly triangular 
collage of metamorphic rocks, dismembered ophiolite fragments, intrusive crystalline rocks 
and a cover of Neogene volcaniclastics and tuffs. The metamorphic rocks are largely of 
Palaeozoic to Mesozoic age, whereas the intrusive rocks and ophiolites largely developed in 
the latest Cretaceous to Palaeocene time (Dilek & Whitney 2000). Collectively this region is 
known as the Central Anatolian Crystalline Core Complex (CACC) by many workers 
(Akimen et al. 1993; Goncuoglu etal. 1997), although the terms Kirehir Massif (engor et 
al. 1984) and Kirehir Block (GörUr et al. 1998) also appear in the literature. In this study 
the term Nide-Kirehir Massif is used to reflect the influence of the Nigde Massif (see 
below) on the Uluki1a Basin. The Nigde Massif records a different history to the rest of 
central Anatolia and its proximity to the Ulukila Basin suggests that this differing history 
would have had a direct effect on the basin. 
The Nigde-Kirehir Massif is bounded by large fault systems on all sides: the Tuzgolu Fault 
to the west, the Ecemi Fault Zone to the east (section 2.7.4.), and the Izmir-Ankara-
Erzincan Suture Zone to the north (Fig. 2.29). 
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Dilek and Whitney (2000) divide the Nigde-Kirehir Massif into three main units, the 
Kirehir, Akdag and Nide Massifs, which consist of "interlayered metacarbonate and 
metapelitic rocks intruded by latest Cretaceous to Palaeocene granitoids and gabbroic 
intrusions". The three massifs have undergone different metamorphic and intrusive histories, 
most notably the Nigde Massif (see below); however, the lithologies and proposed protoliths 
of these three massifs are the same (Whitney & Dilek 1998; Dilek & Whitney 2000). This, 
and the lack of any major lineament in this region suggests that they represent a single 
tectonic unit. Magmatic rocks form a large part of the Nigde-Kirehir Massif and are highly 
varied including crustal (C-type) leucogranites, hybrid (H-Type) granites, silica-saturated 
and under-saturated syenites and gabbroic intrusions (Aydin et al. 1998). The dominant type 
are the granitoids which form large parts of the western (Kirehir Massif) and northern 
(Akdag Massif) extent of the Nigde-Kirehir Massif. The Nigde Massif in the south is also 
intruded by a granite batholith (Uckapili granite). Aydin et al. (1998) report an overall 
progression in magma type from granitic to syenitic along with changes from peraluminous 
to metaluminous to alkaline / peralkaline. By integrating petrographic, field and 
geochemical features and with comparison to discrimination diagrams a progression in origin 
from syn-collisional to post-collisional is also reported. C-type granites plot in the WPG and 
syn-collision, but low Zr, Ce, Sm and Ba values are inconsistent with WPG's and these 
granites are therefore reported as syn-collisional. It is reported that the make-up of the H-
type granites present requires input from a mafic magma. This is tentatively used as 
evidence of underplating of the lower crust as a result of delamination following crustal 
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Figure 2.29— Simplified geology of the CACC (Nigde-Kirehir Massif) from Akiman etal. 
(1993). Granitoids are highlighted in black. 
Research on the Nigde-Kirehir Massif has concentrated on the type and origin of granitoid 
intrusions throughout the block. Akiman etal. (1993) investigated the granitoids along the 
western margin of the Nigde-Kirehir Massif which have significant implications regarding 
the tectonic history of the region (Fig 2.29). Görür et al. (1984) suggested that plutonic 
rocks resulting from a magmatic axis along the western margin of the Nigde-Kirehir Massif 
(Baranadag Complex) developed as a result of eastward subduction of the Inner Tauride 
Ocean beneath the Nigde-Kirehir Massif, as an Andean-type margin. However, no 
description or evidence that these are Andean-type intrusions was provided, leaving the 
hypothesis open to question. Akiman et al. (1993) suggest a different origin for the granitoid 
rocks of this particular region on the basis of plotting whole-rock major and minor element 
data on discrimination diagrams and comparison of trace element data to ORG (Ocean Ridge 
Granite), after Pearce et at. (1984). The samples studied include the Baranadag Complex, 
but also many other suites of acid rocks from the region, including the Uckapili Granite from 
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the Nigde area. The authors concluded that both the ORG-normalised trace element 
diagrams and the discrimination plots suggest that the rocks are of collisional origin. A trend 
from syn-collisional to post-collisional is shown with the suggestion that most of the rocks 
are of post-collisional origin. It is proposed that magmatism in this region is the result of 
post-collisional thickening of the Nigde-Kirehir Massif after the closure of Northern 
Neotethys along the Pontide suture to the north, which subsequently resulted in crustal 
anatexis and emplacement of granitic bodies. It should be noted, however, that in the 
majority of discrimination diagrams used "collisional granites" and "volcanic arc granites" 
occupy the same field and little evidence is given as to why a volcanic arc origin is rejected. 
The lack of extrusive volcanic material is proposed as evidence against the presence of a 
subduction zone. From the available literature, it seems that the true origin of these rocks 
remains somewhat uncertain. Goncuoglu et al. (1997) suggest a similar origin for A-Type 
magmatism in the centre of the Nigde-Kirehir Massif and Aydin etal. (1998) report 
collisional origins in their review of Late Cretaceous magmatism throughout the Nigde-
Kirehir Massif. 
2.7.2.1. 	The Nide Massif 
As mentioned above the Nigde-Kirehir massif is divided into three major units, the Kirehir, 
Akdag and Nigde Massifs; of these the Nigde Massif has the greatest bearing on the Uluki1a 
Basin as it borders the north of the basin (Fig. 2.30). Recent work on the Nigde Massif 
(Whitney & Dilek 1997; 1998; 2000; Dilek & Whitney 2000; Fayon etal. 2001) has given a 
comprehensive tectonic and metamorphic history of the unit giving it the status of a 
"metamorphic core complex", on the basis that it displays a "plastically deformed 
metamorphic and plutonic basement, sedimentary cover rocks and a low-angle normal fault 
zone separating the basement and the cover" (Whitney & Dilek 1997). 
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Figure 2.30— Geological map of the Nigde Massif (Whitney & Dilek 1998). 
Whitney & Dilek (1997) give the most useful overall account of the Nigde Massif, outlined 
below: 
Structural Geology - The structurally highest parts of the massif show tight to isoclinal folds 
plunging NE in the north and SW in the south, giving an antiformal dome structure (Fig. 
2.31). In the southern half of the dome the rocks display a southwest dipping schistocity 
with associated southwest plunging stretching lineation. Asymmetric quartz porphyroblasts 
show top-to-the-south shear and suggest NE-SW extension. The northern part of the dome 
displays north dipping S-C fabrics and fibrolite lineation plunging to the NE in the plane of 
the S foliation. Asymmetric quartz porphyroblasts are again seen, here showing clockwise 
rotations indicative of top-to-the-north/north-east shear. 
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The margins of the massif are characterised by low-angle normal fault (detachment) zones, 
which dip away from the centre of the dome at approximately 30° (Fig. 2.3 1). The 
detachment zones are characterised by —4 m thick shear zones of cataclasite, brecciated 
marble and caic-silicate. The degree of deformation decreases away from the hanging wall. 
These zones are only seen around the south and northwest of the Nigde Massif, in the north-
east the contact is covered by Tertiary-Quaternary volcanic cover (Cappadocia Region). 
However, the overall circular nature of the "dome" is assumed to mean that detachment 
faults are present at depth all round the Nigde Massif. 
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Figure 2.31 - Cross sections through the Nigde Massif showing contact relationships to the 
Ulukila Basin to the south, Cappadocian volcanic province to the north and the Aladag to the 
east (Dilek & Whitney 2000). Key - AO - Aladag ophiolite; EF - Ecen -ii§ fault zone; NDF - 
Nigde detachment fault; NM - Nigde massif; TI1JG - Uckapili granite. 
Petrology and Metamorphism —The massif largely consists of metamorphosed sediments, 
the protoliths of which are largely platform carbonates of Late Cretaceous age. In the lowest 
exposed parts of the dome metapelitic gneiss is present containing garnet + sillimanite ± 
potassium feldspar; often these rocks are migmatitic. Metamorphism is reported to have 
resulted from temperatures of >700 °C at moderate depths of 16-20 km. A late stage 
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(Miocene) heating event is also reported and linked to the intrusion of the Uckapili Granite. 
Following this, decompression to < 10 km and cooling to <600 °C occurred. 
History - Whitney & Dilek (1997) propose that the Nigde massif is a metamorphic core 
complex that underwent major unroofing in the Miocene. They claim that the provenance of 
sediments in the Ulukila Basin and in the Ecemi§ Fault zone proves this fact. In their 
opinion there are no sediments of Nigde Massif origin prior to the Miocene in these basins 
and all sediments before that are derived from the ophiolitic klippen that covered the Nigde-
Kirehir Massif at that time (and presently still do in some places, e.g. north of the Nigde 
Massif, north-west of Nevehir etc). This evidence is disputed by Gautier et al. (2001). In 
their study conglomerates are seen to overlap the Nigde Massif contact in the Ulukila Basin 
and contain clasts, up to one metre in diameter, of Nigde Massif metamorphic rocks. These 
conglomerates are overlain by nummulite bearing limestones indicating an Ilerdian (early 
Lower Eocene) age for this onlapping succession (Kaleboynu Formation, Yeti etal. 1995). 
They propose that the Nigde Massif must have been at the surface from this time (see section 
5.2.2.1). 
Further to sedimentological evidence Whitney & Dilek (1997) produce new age and pressure 
data for the Uckapili Granite, which was previously dated as 95 ± 11 Ma by Goncuoglu 
(1986). Whitney & Dilek (1997 & 1998) give a crystallisation age for the granite of 13.7-20 
± 6 Ma and also show that the intrusion occurred at relatively shallow levels compared to its 
host rocks (maximum burial depth 16-20km). They propose that 8-10 km of uplift of the 
host rocks must have occurred during the Late Oligocene-Early Miocene to account for this 
difference. It is noted that the burial and uplift history of the Nigde Massif is considerably 
different to the Nigde-Kirehir Massif as a whole, which displays lower grade 
metamorphism, with burial depths no greater than 10-12 km. 
2.7.3. Pozanti-Karsanti Ophiolite 
The Pozanti-Karsanti Ophiolite lies to the east of the Ecemi§ Fault Zone and covers an area 
of c. 1300 kin2  stretching eastward to the East Anatolian Fault Zone across the Aladag region 
(Fig. 2.32). It is one of the largest Late Cretaceous oceanic lithospheric remnants in Turkey 
(Parlak et al. 2000) and is one part of a larger group of ophiolites which crops out upon or 
along the boundaries of the Tauride tectonic belt (Dilek et al. 1999). The ophiolites have a 
linked origin, forming the same Neotethyan oceanic strand and were all accreted in the 
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Figure 2.32 - Locality and geological map of the Pozanti-Karsanti Ophiolite (Polat & Casey 
1995). 
The Pozanti-Karsanti Ophiolite has undergone extensive study regarding its origin, 
development and emplacement (Polat 1992; Polat & Casey 1995; Lytwyn & Casey 1995: 
Dilek et al. 1999; Parlak et al. 2000). The ophiolite displays a poly-deformed 
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dynamothermal metamorphic sole with an inverted metamorphic sequence ranging from 
amphibolite facies at the top to greenschist facies at the base and the highest thrust nappes 
resting on structurally lower sedimentary sequences and passive continental margin 
sequences (Polat & Casey 1995). The general stratigraphy is shown in Figure 2.33 from 
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Figure 2.33 - Schematic stratigraphy of the Pozanti-Karsanti Ophiolite (Parlak etal. 2000). 
The geology of the area is divided into two parts: upper nappes of ophiolitic origin and lower 
nappes of platform-type carbonates (Late Devonian to Early Cretaceous) which represent the 
eastern Tauride Autochthon. The upper nappes are further subdivided into ophiolitic 
melange, dynamothermal metamorphic sole and oceanic lithospheric section (Parlak et al. 
2000), which were subsequently cut by doleritic and gabbroic dykes (Lytwyn & Casey 
1995). The sections are described as follows: 
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• The oceanic lithospheric section is composed mainly of harzburgitic and dunitic 
tectonites with minor ultramafic to mafic cumulates, homblende gabbro and 
plagiogranite. Some upper parts of the ophiolite (sheeted dykes and pillow lavas) are 
preserved, although rarely (Lytwyn & Casey 1995). 
• The dynamothermal metamorphic sole has a thickness of about 460m and is composed 
of amphibolite facies metavolcanic rocks at the top and greenschist facies metavolcanic 
and metasedimentary rocks at the base. The upper parts have been shown to have an 
ocean island basalt protolith and the lower a 'normal' mid-ocean ridge protolith for the 
metavolcanics and an abyssal plain origin for the metasedimentary rocks (primarily 
metapelites and metacherts) (Polat 1992). 
• The ophiolitic mélange is not metamorphosed and contains structurally dispersed 
blocks of a variety of igneous, metamorphic and sedimentary rocks with a serpentinitc 
(top) to pelitic (bottom) matrix. Blocks range from several tens of cm to several 
hundreds' of metres in size. The mélange is structurally divided into three tectonic 
slices (Polat & Casey 1995). 
Fine-grained dolerite and gabbro dykes cut the entire ophiolitic sequence as well as the 
dynamothermal metamorphic sole, but are truncated at the lower contact with the ophiolitic 
mélange. They are not found in the underlying mélange or Tauride platform carbonates. 
The contact relationships of the dyke swarms suggest dyke emplacement after formation and 
initial detachment of the ophiolite and metamorphism of the sole, but prior to emplacement 
of the ophiolite and formation of the mélange (Lytwyn & Casey 1995). 
The origin of the Pozanti-Karsanti Ophiolite is discussed by Parlak et al. (2000). The main 
findings are given below: 
• When plotted on an AFM diagram the major element compositions of cumulate 
gabbronorites and isotropic (non-cumulate) gabbros plot in arc-related fields. 
• REE concentrations show the plutonic rocks of the Pozanti-Karsanti Ophiolite to be 
compositionally similar to tholeiitic basalts and basaltic andesites found in modem 
island-arc environments. 
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Clinopyroxene composition is consistent with gabbronontes formed in island-arc 
settings. Plots of Cr2O3 vs. Mg number show the clinopyroxenes from gabbronorites 
to be of low-pressure origin (i.e. those from ultramafic cumulates formed in a high-
pressure environment). 
• Orthopyroxenes are also compositionally similar to others from island-arc rocks and 
differentiation trends are shown to be similar to those from well know shallow level 
intrusions. 
Highly calcic plagioclase, with a limited compositional range is similar to rocks 
formed in a suprasubduction zone environment and other arc-related igneous rocks. 
Based on the evidence above Parlak et al show that the Pozanti-Karsanti Ophiolite is of 
suprasubduction zone origin and suggest that it was created in relation to northward 
subduction of the northern branch of Neotethyan ocean; Polat & Casey (1995) place its 
origin in the "Inner Tauride ocean" (Fig. 2.34). This contrasts the suggestion of Lytwyn & 
Casey (1995), who favour a mid-ocean ridge origin for the Pozanti-Karsanti Ophiolite from 
the Izmir, Ankara Erzincan suture zone. In contrast, Dilek etal. (1999) also prefer a mid-
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Figure 2.34 - Tectonic model for the development of the Pozanti-Karsanti ophiolite, according 
to Polat & Casey (1995). 
Polat and Casey (1995) discuss the structural deformation of the Pozanti-Karsanti Ophiolite 
from which they infer the mechanism and style of the ophiolite emplacement. They look at 
macroscopic and microscopic features, including folding, foliations and lineations and show 
that emplacement occurred in a SSE direction. It is also shown that the process was 
relatively continuous and did not involve discrete separate stages of movement and 
deformation. The continuum may have included the following: 
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Decoupling of relatively young oceanic lithosphere, recorded by mantle tectonite 
between the ophiolite and the dynamothermal metamorphic sole. 
Intra-oceanic subduction and transport of the overriding oceanic plate towards the 
Tauride continental margin, represented by the dynamothermal metamorphic sole 
and upper tectonic slice of the mélange. 
'Obduction' onto the Tauride continental block by pre-terminal collision, 
characterised by the formation of the lower tectonic mélange slice and SSE vergent 
deformation and imbrication of the region. 
Lytwyn & Casey (1995) discuss the origin of mafic dyke swarms in the Pozanti-Karsanti 
Ophiolite. The dykes are reported to be geochemically similar to tholeiites and basaltic-
andesite of island arc affinities, possibly derived from multiple, compositionally variable 
parental magmas. As mentioned above, contact relationships show that the dykes were 
intruded after ophiolite detachment but prior to final emplacement; they also quote a time 
span of 20 million years between cooling of the metamorphic sole and emplacement of the 
dykes. The parental magmas are "mixtures of melt increments generated by polybaric 
melting of variably depleted mantle sources within the mantle column". The origin of the 
dyke swarms in the ophiolite is proposed as follows (notably requiring a two-ridge oceanic 
system) (Fig. 2.35): initiation of intra-oceanic subduction at one of the ridges allowed 
closure of a Neotethyan ocean branch and the Pozanti-Karsanti Ophiolite became the 
hanging-wall of the subduction zone and formed a dynamothermal sole. Continued closure 
resulted in subduction of the second ridge system that provided the source for the complex 
and varied mafic dyke swarms that cut the ophiolite; this period of emplacement was notably 
accompanied by retrograde metamorphism. The ophiolite then continued to underplate 
sedimentary material as it was obducted onto the Tauride platform, represented by the 
ophiolitic mélange. 
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Figure 2.35 - "Two-ridge" model for development of the Pozanti-Karsanti ophiolite and the 
intrusion of basaltic dykes (Lytwyn & Casey 1995). 
Dilek et al. (1999) give a somewhat different account (Fig. 2.36). Their Ar-Ar dating gives a 
time span of 2-3 million years between cooling of the metamorphic sole and intrusion of the 
mafic dykes and they propose that the geochemistry of the dykes represents a magma that 
has undergone prior melt extraction and is then exposed to metasomatism by LILE and light 
REE enriched fluids. According to Dilek et al. (1999) the melting occurred under very low 
pressure, hydrous conditions; they also argue that no active subduction is evidenced in the 
geochemistry. They propose that dyke injection occurred as a direct result of the conversion 
of a mid-ocean ridge system into a subduction system (90-92 Ma, from metamorphic sole 
date), with the pre-existing melt column then being injected into the newly formed overlying 
ophiolite. This accounts for the depleted chemistry and low pressure environment, with 
hydrous input from the newly overthrust oceanic crust and overlying oceanic sediments. In 
essence it is similar to the model of Lytwyn & Casey (1995), but the time span of 2-3 million 
years between sole formation and dyke injection means that it can all occur within one mid-
ocean ridge system, rather than requiring two. They also point out that even a modest rate of 
subduction, the 20 million years between these vents would require a very large ocean basin 
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Figure 2.36— "Single-ridge" model for the development of the Pozanti-Karsanti ophiolite and 
intrusion of dykes (Dilek etal. 1999). 
2.7.4. Ecemi§ Fault Zone 
The Ecerni§ Fault Zone lies to the East of the Ulukila Basin, running in a SSW to NNE 
orientation from the coast west of Mersin to the North Anatolian Fault Zone in the north 
(Fig. 2.37). This fault zone and associated sedimentary basin have been the subject of many 
studies (Yetis 1978; 1984; Toprak & Goncuoglu 1993; Whitney & Dilek 1997; Koçyiit & 
Beyhan 1998; Westaway 1999; Jaffey & Robertson 2001; Jaffey 2001). 
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Figure 2.37 - A) Location of the Ecemi Fault Zone with respect to the UlukiIa Basin and 
Adana. B) Closer view of the Ecerni§ Fault Zone showing the main bounding faults of the 
Ecemi sedimentary basin and main rivers and tributaries; shading represents Eocene 
sedimentation. (Both figures from Jaffey 2001). 
The fault zone forms the central part of the Central Anatolian Fault Zone (Kocyigit & 
Beyhan 1998) a major continental scale strike-slip fault system that cuts NNE-SSW through 
Turkey and partially facilitates the westward "tectonic escape" of Turkey (Sengor etal. 
1985; Kocyigit & Beyhan 1998; Jaffey & Robertson 2001). The fault zone is a sinistral 
strike-slip fault, with reported offsets between 62-90 km (Yetis 1978; 1984; Kocyigit & 
Beyhan 1998; Westaway 1999; Jaffey & Robertson 2001; Jaffey 2001). The fault zone also 
displays some extensional (or trans-tensional) activity dated as Late Miocene giving a thin 
(<10 km wide) elongate basin at surface (Jaffey & Robertson 2001; Jaffey 2001). The basin 
has undergone sedimentation since the Palaeocene (Jaffey 2001; Jaffey & Robertson 200 1) 
(Figure 2.38) consisting of middle Eocene shallow-marine limestones, Late Oligocene to 
Early Miocene "red-bed" fluvial sediments, Late Miocene lacustrine and swamp facies rocks 





























Figure 2.38— Stratigraphy of sediments preserved in the Ecen -u§ Fault Zone (Jaffey 2001). 
The timing, extent and even type' of displacement along the Ecemi Fault zone has 
remained contentious. Early studies by Yeti (1978 & 1984) suggested 80 ± 10 km of offset 
in the Palaeocene to Mid-Eocene; Koçyigit & Beyhan propose at total of 75 km of offset in 
three stages beginning in the Late Cretaceous and ending in the Early Quaternary; Westaway 
(1999) suggests 62 km of offset with displacement occurring in the Eocene. Jaffey & 
Robertson (200 1 ) inferred 60 kin of offset by reconstructing the Eocene thrust features to the 
north of the Tauride (Bolkar) Block and the Aladag of the east. They report extensive strike-
slip faulting of Oligo-Miocene sediments in the fault zone; this was the first detailed look at 
the faulting within the sedimentary succession of the Ecemi§ Fault Zone. Jaffey (2001) and 
Jaffey & Robertson (2001) also present subsidence curves for the Ecemi Fault zone and 
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other surrounding sedimentary basins. The curve for the Ecemi Fault zone displays marked 
subsidence during the Late Oligocene and Early Miocene which is tentatively interpreted as 
trans-tension/basin formation along the fault zone. However, this is reported along a 
localised area, in the central part of the fault zone, alongside the Ulukila Basin and the 
Nigde Massif. They suggest that this may reflect a trans-tensional phase that preceded the 
main strike-slip phase. It is also noted that this is the same period as the proposed 
exhumation of the Nigde Massif by Whitney & Dilek (1997) (See section 2.6.2.1 .). Jaffey & 
Robertson (2001) report that the early part of this history is dominated by strike slip activity 
and the later, Pliocene and Quaternary, is dominated by overall E-W extension resulting 
from a second phase of transtension. They also propose that E-W extension, coincident with 
the westward tectonic escape of Anatolia, may have taken over after the fault was rotated 
into its present position during the Quaternary (citing the work of Tatar et al. (1996), GUrsoy 
et al. (1996) & Tatar et al. 2000). 
Jaffey & Robertson (2001) state that internal deformation, prior to westward tectonic escape, 
of central Anatolia may have occurred along multiple rotating strike-slip zones, and as a 
result the timing of displacement along the Ecemi Fault zone may have implications for the 
Ulukila Basin. The recent consensus at least seems to suggest that movement occurred 
largely after the Early Eocene, which suggests the fault has little direct bearing on the 
formation of the Ulukila Basin, but may be involved in its later history. The pre-Eocene 
history of the area is little discussed due to the lack of available data and thus any link 
between a "proto-Ecemi Fault zone" and the early formation of the Ulukila Basin remains 
obscure. 
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CHAPTER 3. THE ULUKILA BASIN LITHOSTRATIGRAPHY 
3.1. INTRODUCTION 
The following chapter discusses the lithostratigraphy of the Ulukila Basin based upon data 
gathered during fieldwork and laboratory studies using samples collected in the field. The 
chapter is divided into 7 parts, which describe different developmental stages of the basin. 
These are: 
• Ophiolitic mélange formation and emplacement 
• Transgression and shallow-water carbonate deposition 
• Extensive subsidence with volcanism 
• Post-volcanic carbonate deposition 
• Subsidence and clastic deposition 
• Basin infill and evaporite deposition 
• Continental sedimentation 
Each section is based on one (or two in the case of 'Extensive subsidence with volcanism') 
of the formations defined in the revised stratigraphy (Sections 2.3. & 2.4.) in order to put the 
data gathered into the context of basin development. In the following chapter the field data 
is interpreted in terms of lithofacies to elucidate the sedimentological history of the basin. 
Fieldwork and laboratory data are presented for each stage of basin development including 
the following: 
• Field observations 
• Palaeocurrents 
• Provenance 
• 	• Geochemistry 
The approach of each of these techniques is outlined briefly below. 
Fieldwork was based on N-S transects of the basin (for reasons discussed in Section 1.3.), 
with the intention of describing and sampling complete sections of the stratigraphic units in 
the basin. Many of the best outcrops in the area are road cuttings; where possible these were 
used preferentially and then tied together by walking over adjacent areas. Figure 3.1 shows 
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the main-roads and village-roads used, and gives the localities of most of the towns and 
villages in the study drea, for orientation whilst reading Chapter 3. 
Fieldwork included lithological and facies description, sample collection, measuring of 
sedimentary logs and gathering of structural and sedimentological data. Lithological 
description forms a large part of this chapter and is complimented by field photographs and 
sedimentary logs, both at formation scale and at outcrop scale, as representative sections. 
Samples collected were used for petrographic, geochemical and provenance studies, as 
discussed below. Structural data are discussed in Chapter 6. 
During fieldwork over two hundred samples were taken. Thin sections of over 70 of the 
samples in order to provide detailed rock descriptions, for provenance studies and for 
palaeontological work (see Section 2.4.). Individual thin section descriptions can be found 
in Appendix 2 and the information gained from descriptions is incorporated into the facies 
descriptions in Chapter 4. In this chapter, point-counting data from appropriate thin sections 
are presented in order to make inferences about sediment provenance (see below). 
In addition, geochemical analysis (whole-rock, major and trace element discrimination by X-
Ray Fluorescence (XRF)) was undertaken on lavas and plutonic intrusive rocks of the 
Ulukila Formation in order to infer the origin of magmatic activity and put this into a 
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Figure 3.1 Map showing towns and villages in the study area and main highways and tracks used during the work. 
Provenance studies are based on two methods, and results are described in this chapter with 
respect to each formation. The data are then assimilated into an interpreted basin history in 
Chapter 4. Point-counting of 20 representative sandstones was undertaken following 
traditional methods (Dickinson 1970; Dickenson & Suczek 1979). The sandstones were all 
fine-to medium-grained and represent different parts of the succession and different 
geographical areas within the basin. In determining a suitable number of grams to count 4-5 
samples were counted first to 200 grains, and then to 400. The distributions of grain types 
were normailsed to percentages for both the 200 count and 400 count data sets. The modal 
distribution of each sample was the same to within 2-3% and as such the remaining samples 
were counted to approximately 200 grains. It is however noted that between 250 and 300 
grains should be counted in order to achieve statistical satisfaction (Van de Plas & Tobi 
1965). Grain types were then recalculated to percentages of each sample and grouped such 
that source areas can be inferred (see Table 3.1). The rocks are then discussed with relation 
to likely sediment sources indicated by dominant grain types, geographical position and 
palaeocurrent data. Clast counting of conglomerates in the Halkapinar Formation was 
undertaken in the field. One hundred clasts were counted in three conglomerates by 
counting four, 25 clast, vertical profiles for each conglomerate bed and recording clast types 
irrespective of clast size. Clast types were then assigned to the same groups used in the 
petrographic provenance work (Table 3.1). 
Palaeocurrent data were collected in the field and are presented in this chapter, although in 
line with the other field data, are interpreted in Chapter 4. Palaeocurrent readings were taken 
from cross-lamination, cross-bedding, convolute lamination, ripple surfaces and clast 
imbrication. Given the large scale folding of the Ulukila Basin, many of the beds on which 
palaeocurrents were taken were tilted. In order to correct for the effects of deformation all 
readings were restored to horizotal in the field. Firstly, plunge associated to the large-scale 
folding was removed (-5° to the east or west depending on the location) and secondly the 
readings were corrected for dip of the beds. The use of palaeocurrent data will add to the 
sedimentological and morphological history of the basin. 
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GRAIN TYPE GRAINS INCLUDED LIKELY SOURCE 
CATEGORIES 
QTZ Quartz Granites of Nide-Kirehir 
Mosaic quartz Massif 
Horoz Granite 
CALCITE Calcite Locally derived 
OPHIOLITE and Altered mafic minerals Alihoca Ophiolitic Mélange 
OPI{IOLITE Altered mafic igneous rock 





OXIDES & Chlorite Alihoca Ophiolitic Mélange 
ALTERATION Red Oxide Ulukila Formation volcanics 
PRODUCTS Opaque 
Hematite 
FELDSPAR K-feldspar Ulukila Formation volcanics  
Plagioclase feldspar  
MARC MINERALS Olivine Alihoca Ophiolitic Mélange 
Amphibole Uluki1a Formation volcanics 
Pyroxene 
Biotite 
MUDSTONE Mudstone Locally derived 
Siltstone 
LIMESTONES Micritic limestone Bolkar Carbonate Platform and 





FOSSILS Foraminifera Locally derived 





• Other fossils 
LAVAS Aphyric lava Ulukila Formation volcanics 
Amygdaloidal basalt 
Porphyritic basalt with 
feldspar 
Intergranular feldspar-basalt  
GLAUCONITE Glauconite Local transgressive environment 
Table 3.1 - Table of grain-type categories for point-counting, showing grain-types within each 
group and likely sources. 
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3.2. UPPER CRETACEOUS - OPHIOLITE AND OPHIOLITIC MÉLANGE 
FORMATION AND EMPLACEMENT 
The Alihoca Ophiolitic Mélange forms an important part of the geology of the U1ukila 
region and so is studied here as background to the investigation of the Ulukila Basin. 
Presently, the most detailed study of ophiolitic rocks in this region is that of Dilek et al. 
(1999), which incorporates work on the Alihoca Ophiolite and on an ophiolite body on the 
Bolkar Carbonate Platform named the Kiziltepe Ophiolite. Much remains to be included in a 
detailed study of these rocks, however, such a study is beyond the scope of this project. The 
following gives a general account of the mélange based on field observations. 
3.2.1. Alihoca Ophiolitic Mélange - Introduction 
The Alihoca Ophiolitic Melange mainly crops out along the southern margins of the Ulukila 
Basin along a valley between the villages of Alihoca and Maden. The road between the two 
villages provides several useful exposures; however, the following account is from an 
exposure toward the top of Akta Tepe (Fig. 3. 1), where the mélange crops out along the 
mountain pass joining Maden village with GUmü village to the north. 
3.2.2. Field description from typical locality 
The ophiolitic mélange consists of poorly sorted blocks of various nature and sizes ranging 
from pebbles to >15 in in diameter (Figures 3.2 & 3.3). The mélange is dominated by 
ophiolite rocks (harzburgite, dunite, gabbros) and serpentinite; other clasts include 
conglomerates, debris flow deposits, graded sandstones (of limestone and ophiolitic affinity), 
red cherts, lavas, volcaniclastics, limestones and metamorphic rocks including blue-schist. 
The clasts are very well-rounded, even on larger examples (> 5 m) where contacts are seen 
(often large clasts constitute an entire outcrop). The clasts are set in a red coloured chaotic 
matrix of ophiolite derived material, usually clay rich, but also containing sand grade 
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Figure 3.2 - Typical exposure of the Alihoca Ophiolitic Mélange south of Giimil§ village, 
displaying varied clast types, poor sorting and fine-grained clay-rich matrix, (hammer for 
scale). 
Figure 3.3 1 ypical outcrop of Alihoca Ophiolitic Mélange on a large scale. The distinctive 
purple colour is common throughout the outcrops in the basin (houses for scale. Dedeli 
Village, Fig. 3.1). Guneydagi Member limestone is seen centre—left. 
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Table 3.2 describes a typical section through the ophiolite mélange from this locality: 
Thickness 	 Description 
	
5 in 	Poorly sorted breccia with clasts (10-30 cm) of limestone held in a 
calcareous coarse sand. The breccia is slightly graded, but generally 
shows no other structure. 
15 m 	Strongly recrystallised, white, sugary limestone. 
10-15 in 	Deep red conglomerate with small clasts (<3 cm) including chert, lava, 
sandstone and serpentinite. The unit is poorly sorted and supported by a 
red ophiolitic matrix. 
loin 	Block of sandy coloured conglomerate, again poorly sorted with clasts 
ranging from the medium sand matrix up to 30 cm. Grains / clasts 
include sandstone, siltstone, quartz, limestone and ophiolite derived 
material. 
10 m 	Very coarse breccia with average clasts 30 cm in diameter, but up to 1.5 
m. The large blocks are dominated by serpentinite and chert. The matrix 
is a light brown to buff, friable fine sand grade. 
10 m 	Detached block of partially recrystallised limestone, with some relict 
bioclastic material present. 
5 in 	Very coarse, structureless sandstone, green to grey in colour. 
10 m 	As above but now bedded and interbedded with fine sandstone. 
loin 	Dark grey breccia with boulder sized clasts. The clasts are entirely 
ophiolite derived, mainly serpentinite with some harzburgite and some 
gabbro. 
50 in 	Large block of coarse mudstone. The mudstone is largely grey and 
structureless, although occasional interbeds of fine-grained sandstone are 
present containing black and green ophiolitic grains. 
Table 3.2 - Typical section through the Alihoca Ophiolitic mélange with brief field 
descriptions of rock types seen. 
Another common feature of the ophiolitic mélange is evidence of hydrothermal fluid 
activity. Epidote is common as veins or alteration of clasts within the matrix. Usually the 
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epidote is fine-grained and yellow-to-green in colour and is concentrated around clasts, often 
forming veins that cut clasts as well as the matrix. 
3.2.3. Alihoca Ophiolite Section 
The Alihoca Ophiolitic Mélange contains many large and varied blocks of mixed origin. 
However, a section exposed along the road to Ardicli provides more insight into the actual 
ophiolitic sequence. 
At the strati graphically lowest part of the section, the block consists of a very coarse 
intrusive rock containing feldspar and amphibole. The average grain-size is well over 2cm 
in diameter and individual hornblende crystals up to 4 cm in diameter are common (Figure 
3.4). 
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Figure 3.4 Photograph of pegmatitic base of Ahhoca Ophilite Section with pencil for scale. 
Large fe ldspar and hornblende phcniicrvsts are clearly seen (loc.  :\rdiçbi Road section. 
The feldspar is less well developed and usually fills in the interstices between the mafic 
minerals. Due to this the average grains-size is lower and good cleavage is rarely seen. This 
rock is a gabbro pegmatite and is regularly cut by dykes of finer grained igneous rock. The 
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dykes are between 0.25-1 m thick. They contain xenoliths of the pegmatite, which are lens 
shaped and usually present along the margins of the dykes. In hand specimen the dyke 
material is a finer grained version of the pegmatite consisting mostly of feldspar and 
amphibole in equal proportions. In some dykes the mafic minerals are drawn out into a 
fabric slightly oblique to the edge of the dyke, which may represent flow banding. Up-
section the pegmatite varies slightly in composition and grain-size; mauic crystals are up to 
10 cm along their long axis, but there is a shift to more feldspar than mafic minerals. 
Twenty metres up-section there is a change in the ophiolitic material. The contact between 
the two types is obscured by road construction and limited exposure across a river valley. 
The pegmatite is no longer present and the section is dominated by interfingering dykes of 
medium to coarse-grained diabase. The dykes are finer grained in a 5-10 cm thick zone 
around the edges, suggestive of chilled margins. The dykes vary from 25 cm to 2 m in 
thickness. Also notable is the presence of a large number of green veins, which cut the 
section. 
The cross-cutting dykes dominate for lOOm, there is then a change to a breccia. The breccia 
consists of clasts of basalt cemented by in-situ basalt material. The breccia is largely 
structureless and continues to the top of the ophiolitic section (>200 m). The contact from 
the dykes to basalt breccia is obscured, and it is difficult to say whether these rocks are part 
of the ophiolite section. In Dilek & Whitney (1997) and Dilek et al. (1999) rare extrusive 
rocks are reported in the Alihoca Ophiolite including lava flows and pillow lavas. However, 
no brecciated basalt is reported. It may be the case that this breccia is part of the mélange, 
rather than part of the ophiolite sequence. 
3.2.4. çiftehan Unit 
3.2.4.1. 	Field Description 
The çiftehan Unit is exposed in discontinuous outcrop along the southern margin of the 
Ulukila Basin, always in close contact to the Alihoca Ophiolitic Mélange. It comprises 
fine-grained calcareous mudstones, thinly bedded and rich in pelagic microfossils. In the 
majority of outcrops the limestone is dark red in colour; however, blue mudstones, 
weathering to yellow, are sometimes seen toward the top of the unit. Less often, the unit 
contains some clastic material, consisting of reworked ophiolite. The contacts below and 
above the ciftehan Unit are almost always tectonic. 
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One exposure, on the road to Ardiçli village (Fig. 3.1), shows the mudstones of the citIehan 
I' nit overlying the Alihoca Ophiolite section (above). The thin-bedded limestones appear to 
be conformable upon basalts of the ophiolite, although closer inspection reveals that this is 
also a tectonic contact (Figure 3.5), a foliation indicative of shearing is present at the contact. 
Here, the çiftehan Unit is I 00 thick and is relatively uniform throughout the section, red in 
colour, fine grained and displaying thin lamination (Figure 3.6). However, the first 2-3 m 
are characterised by the presence of thin (<8 cm) beds of clastic material. The grains are 
dark in colour and the beds grade from a coarse sandstone to a very fine sandstone, 
eventually grading into the red mudstone of the background sedimentation. 
! 1. 
- . -. 	 . . 	 ,... 	 .. 
k 1hI• 
Figure 3.5 - Contact zone from Alihoca Ophiolite Section on right of the green line to pink 
pelagic limestone of the çiftehan Unit on the left of the red line. Fine-grained, laminated 
rnudstone forms the base of the ciftehan Unit. (Loc. Ardicli Road, looking East). A 
deformation zone containing sheared rocks of Alihoca Ophiolite and ciftehan Unit is present at 
the contact (between the green and red lines). The green dashed line surrounds a block of 
ophiolitic rock in the shear zone. 
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Figure 3.6 - Medium-to-thick-bedded limestone of the ciftehan Unit. (Loc. Ardicli Road 
Section looking west). 
3.2.5. Summary - Ophiolite and Ophiolitic Mélange 
The Alihoca Ophiolitic Mélange consists of poorly sorted clasts of ophiolitic origin and of 
clastic rocks held in a red to brown matrix. Hydrothermal fluid activity is commonly 
evidenced. The melange contains a competent slice of ophiolite comprising gabbroic 
pegmatites, diabase dykes exhibiting cross-cutting relationships and basalt breccias. The 
mélange also contains pelagic limestones, termed the çiftehan Unit. These are thin-to 
medium-bedded red and blue micrites rich in planktonic microfossils. Thin elastic layers are 
seen near the base of the unit. 
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3.3. MAASTRICHTIAN TO LOWER PALAEOCENE - TRANSGRESSION & 
SHALLOW-WATER CARBONATE DEPOSITION 
3.3.1. Aktatepe Formation - Introduction 
As described in section 2.3.2. the Aktatepe Formation consists of various transgressive 
carbonate deposits that mark the base of the intrabasinal succession. The formation is 
divided into four members, each having a different lateral sub-facies related to the same part 
of the Ulukila Basin development. The following gives an account of each of these units 
individually, comparisons and contrasts between the members is discussed at the end of the 
section. 
At the type locality the limestone is a creamy-white biomicrite containing benthic 
foraminifera that can clearly be seen in hand specimen. Below the limestone there is a few 
metres of brown-red elastic deposits including coarse sandstones and a conglomerate of 
limestone clasts, similar to the Kalkankaya Member (see below), but nowhere showing 
similar thickness. The limestones at the Aktatepe Formation type-section are poorly bedded 
and 2 m up from the base there is a change in bioclastic material from the microfossil rich 
beds at the base. Here the bioclastic material includes bryozoan, coral fragments, bivalves 
and more benthic foraminifera. Both rugose and colonial corals are present and locally they 
can form the large part of the rock. This rock type is apparent for 5 m, then there is a return 
to the biomicnte for the rest of the 25 in of section. 
3.3.2. Kalkankaya Member 
The Kalkankaya Member crops out at a locality along the southern margin of the Ulukila 
Basin and is divided into two main parts; a lower elastic part (80 m) and an upper limestone 
part (200 m) (Fig. 3.7). The unit youngs to the south, which is uncharacteristic for the rocks 
in this part of the basin, which usually young to the north (see Section 5.2.3.4). 
130 
Start of limestone 











• 	 'pit- 
.1. • .. 	-. - 






	 •. 	, 
Figure 3.7 - View east from Kalkankaya I epe (left north), showing contrast between clastic 
deposits of the lower Kalkaakaya Formation as soft landscape of the left of the photograph and 
the hard weathering, bedding-parallel, vertical outcrop of the upper part, (field of view 150 in 
from left to right). 
3.3.2.1. 	Field Description 
The base of the Kalkankaya Member is marked by a 5 rn-thick conglomerate, containing 
rounded clasts of metamorphosed limestone (marble). The coarse conglomerate is graded 
and towards the top becomes a gravelstone to coarse sandstone. Above the conglomerate 
base the unit is dominated by medium-bedded sandstone and pebblestones. The 
pebblestones are channelised in section, often up to 10 in wide and 2-3 in deep in the centre. 
They contain metamorphosed limestone clasts, like the basal conglomerate. There is little or 
no grading between the sandstone and pebblestone. The sandstone beds are red to brown 
and are uniformly medium bedded, with common planar lamination. Grain-size is uniform 
and the rocks have a dark-red muddy matrix. The mid part of the elastic sequence is 
dominated by thick-bedded sandstones, up to 5 m thick. Towards the top of the section there 
is a return to interbedded pebblestones and conglomerate, although overall the background 
sedimentation of sand fines from coarse to medium. Interbedded conglomerate layers near 
A 
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the top of the sequence arc 2-3 m thick, and comprise poorly sorted sub-angular clasts up to 
25 cm in diameter and are matrix supported. 
Ihe upper part of the Kalkankaya Member (200 m) is a limestone that and can be further 
subdivided into two parts: a lower part of coarse bioclastic material and an upper part of 
vell-bedded micritic mudstones. 
The bioclastic limestones are medium bedded (0.5-Im thick) and blue, weathering to yellow. 
Bioclasts include bivalve shells, which are sometimes preserved as localised concentrations, 
gastropods and various microfossils (Figure 3.8). A common feature of the beds are thin (3-
5 mm) lenses of crystalline calcite, either flat or curved in section (Figures 3.9 & 3.10), 
which are disaggregated microbial mats. 




Figure 3.8 - Bioclastic limestone of the Kalkankaya Member exposed in road cutting near 
Kalkankaya Tepe, with pen for scale. Gastropod boxed in white. 
In the upper part of the limestone section, there is a change to medium-bedded, very fine-
grained micntic mudstones. These display little evidence of macrofossil preservation, but do 
contain planktonic foraminifera. 
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Figure 3.11 is from the lower part of the upper Kalkankaya Member and illustrates the 
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Figure 3.9 - Recrystallised, disaggregated microbial material from the Kalkankaya Member 




Figure 3.10 - Recrystallised, disaggregated microbial material (long, curved but crooked, dark 
lines), with bivalve and gastropods (left of pen) also clearly seen (Kalkankaya Member, loc. 
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Figure 3.11 - Representative section of calcarenite deposits from the lower part of the upper 




3.3.2.2. 	Summary - Kalkankaya Member 
The Kalkankaya Member is divided into a lower clastic part and an upper limestone part. 
The clastics comprise interbedded sandstones and conglomerates, which are often 
channelised. The upper limestone part is further divided into a lower part with bioclastic 
limestones containing disturbed microbial mats and broken bivalves, together indicative of 
storm activity. The upper part consists of medium bedded micritic limestones. 
3.3.3. GUneydau Member 
The Guneydagi Member crops our in the west of the basin, also forming east-west oriented 
ridges and mountains. It is dominated by medium-to-thick bedded recrystallised limestone. 
3.3.3.1. 	Field Description 
At Dedeli village the base of the Guneydagi Member is seen as a coarse conglomerate of 
very well-rounded clasts up 20 cm in diameter (Figure 3.12). The bed is moderately well 
sorted, although showing a variety of clasts types, dominated by limestones, including dark-
grey micritic limestones and bioclastic limestones and lighter coloured limestones containing 
bivalve and gastropod shells. Many of the clasts are sutured against each other. 
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Figure 3.12— Basal conglomerate of the Guneydai Member exposed in Dedeli village. 
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The central part of the Guneydagi Member is more clearly exposed along the southern-flank 
of Guneydagi Mountain (Fig. 3.1) and in the river valley to the north of Dedeli Village. As 
stated above, the succession is dominated by recrystallised limestone, which is well-bedded 
into beds of 0.5-1.5 m. Often, any internal structure is masked by the apparent 
recrystallisation of the limestone; however, in some horizons microbial limestone is evident 
and other horizons display crinoid fossils (Figure 3.13). 
- 
- --, 1. • . I 	•?u;* 
I 















Figure 3.13 - Crinoids from the Guneydai Member, near Dedeli village. 
The top of the formation is seen at cakillar Gorge at the southern margin of the basin, where 
the Guneydagi Member forms a high ridge that is overlain by clastic deposits of the 
Halkapinar Formation. The top 10 m of the Guneydagi Formation are different in nature 
from the rest of the succession, a contrast clearly seen in the petrography; see Appendix 2. 
The limestones are calcarenites, with sand-sized particles and some fragmental bioclastic 
material. In a limited number of beds the grain size increases to conglomerate. 
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3.3.3.2. Summary - Guneydai Member 
The base of the Guneydagi Member is marked by a yery coarse limestone conglomerate; 
however, the majority of the unit is recrystallised. In some parts original sedimentary 
structures are preserved and microbial material and crinoids are seen. The top of the unit 
consists of calcarenites transitional to the Halkapinar Formation above. 
3.3.4. Omerli Member 
The Omerli Member crops out in the southeast of the Ulukila Basin within the main outcrop 
of the Ulukila Formation. The unit comprises two parts, a lower part of a redeposited 
nature and an upper mudstone dominated part. 
3.3.4.1. 	Field Description 
The base of the Omerli Member is not clearly seen at the type locality as it is 'cut-out' by a 
major, north-dipping, reverse fault (see Section 5.2.3.2) and the deformation zone around the 
fault zone is intense; thus, it is impossible to tell if the section represents the base of the unit. 
The 120 rn-thick section begins with calcarenites in which grain size varies from fine to very 
coarse sandstone and individual beds are clearly graded. Individual packets (15-40 cm) also 
show planar lamination in the finer deposits toward the top. The grains in the lower parts, 
which contain some particles of fine pebble size, are black, dark-red and dark-green in 
colour, suggestive of an ophiolitic origin. These coarse parts are usually 2-5 cm thick, but 
can reach 15 cm. Overall, the graded beds are typically around 30 cm thick. 
Moving up through the section the unit is characterised by graded beds of carbonate material, 
but structures are evident of stronger current activity than in the lower part of the succession. 
Current structures include ripped-up mud particles, concave ripple formation and convolute 
lamination (Figures 3.15, 3.16 & 3.14). Typically, convolute lamination shows truncation at 
the top, by either the proceeding bed (Fig. 3.16) or an erosion surface within the bed. This 
type of convolute lamination is referred to as "metadepositional" (Allen, 1982). Ripped up 
mudstone, and dismembered mudstone layers can form the large part of some beds in the 
section (Figure 3.17); Keighley & Picker -ill (1998) refer to such beds as "mudstone 
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Figure 3.14— Representative log from the mid part of the Ardicli road section (Fig. 3.18 
around 80 m mark). The prevalence of high-energy sedimentary structures in the calcarenites 
of the Omerli Member is evident. 
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Figure 3.15— Mudstone "rip-up" particles in high-energy deposits of the Omerli Member 
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Figure 3.16— Convolute lamination in calcarenites of the Omerli Member from the mid part of 
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Figure 3.17 Larger ela-,Ls of mudstone forming as a niudsti we elasLili'rm conglomerate" iI  
(KeIghlev & Piekerill 19 	at the base of  graded package in the Omerli Member. (pen for 
scale, Ardiqli road section). 
Variation of the dominant grain-size in each bed is common in the lower half of the Omerli 
Member and is seen in the sedimentary log, Figure 3.18. The upper half, however, is 
dominated by relatively uniform, graded deposits, containing equal proportions of siltstone 
and sandstone, in regular beds around 20 cm thick. 
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Figure 3.18— Detailed log of the Ardiçli road section, incoproating the larger part of the 
Omerli Member, which shows variation in grain size in the lower part of the formation. The 
repeated alternations of mudstone and sandstone are mostly turbiditic in nature. 
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Twenty metres from the top of the section there is a conglomerate body which contains clasts 
of recrystallised limestone, varying from small pebble grade to 30 cm in diameter. The 
clasts are angular but have smooth surfaces. The conglomerate bed incises into the clastic 
deposits below and shows some evidence of channelisation. The tops of these conglomerate 
beds show grading through granule-sized deposits into coarse sandstone, which exhibits 
poorly formed planar cross-bedding. 
The top 10 m of the Omerli Member is dominated by very fine-grained micritic mudstones 
which contain abundant planktonic foraminifera. Bedding is between 1-2 in and evidence of 
current activity is rare. Occasional beds made of rip-up clasts set in a med-coarse matrix 
make up 5 % of this part of the section. The mudstones also contain well-formed pyrite 
crystals. 
The limestones of the Omerli Member are conformably overlain by volcanic rocks of the 
UlukiIa Formation. The contact is marked by a sharp change from mudstone to 
dismembered, highly-vesicular, pillow lavas (Figure 3.19). The pillow lavas are 6-8 m thick 
and subsequently overlain by a columnar jointed lava flow (<12 m thick). As seen in Figure 
3.20 there is interaction between lava and the mudstone.. 
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Figure 3.19 - Upper contact of Omerli Meiiibei (red line) with conformable volcanic deposits 
of the Ulukila Formation above, as seen at the top of the Ardicli road section. The lower-left 
corner shows medium-bedded pelagic mudstone of the top of the Omerli Member. The right of 
the photo shows columnar jointed lava flows (e.g. those highlighted in yellow) and pillow 
lavas. (Author for scale in green box). 
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Figure 3.20 - Close-up of contact zone showing lava (dark-grey, right) intruding into the 
mudstone (light-yellow, left) of the Omerli Member (loc. top of Ardiçli road section). 
	
3.3.4.2. 	Palaeocurrent Analysis 
As described above, and shown in figures 3.14 and 3.18, the lower part of the Omerli 
Member contains graded beds that exhibit current structures in the upper part. Figure 3.21 is 
a rose diagram displaying orientation of palaeocurrents in the Omerli Member. Readings 
were taken from planar cross-lamination and from asymmetrical ripples, commonly seen in 
three dimensions on the tops of beds. Where present, overturning of individual folds in 
convolute lamination is an expression of palaeocurrent direction (Allen, 1982) and some 
readings of this type were also taken. Clearly, palaeoflow is dominated by currents oriented 
toward the northwest, with a mean vector of 326°. 
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Figure 3.21 - Rose diagram showing palaeocurrent readings for the Omerli Member (see text 
for discussion). 
3.3.4.3. 	Summary - Omerli Member 
The base of the Omerli Member is not seen and the exposed succession starts with graded 
calcarenites, typically exhibiting planar lamination in the finer material at the top of each 
graded package. Dark grains are common in the sandstones and petrographic study confirms 
a volcanic origin (see Appendix 2). The mid part of the succession exhibits sedimentary 
structures indicative of lower-upper flow regime e.g. convolute lamination, mud rip-up clasts 
and concave ripples. Near the top of the formation the limestones are incised by a 
channelised conglomerate, above which the top of the formation is marked by thick-bedded 
pelagic limestones rich in planktonic microfossils. 
3.3.5. Point Counting 
Seven sandstones from the Aktatepe Formation limestones and basal clastic sediments were 
point counted and the distribution of grain-type groups in each sample are shown in Figures 
3.22, 3.23 and 3.24. Figure 3.22 shows distributions from sandstones in the lower parts of 
the Kalkankaya Member and Aktatepe Formation at Akta Tepe; Figure 3.23 shows 
proportions from basal sandstones (Aktatepe Formation equivalent) near Alihoca and at the 
turning from the main road (D-750) to Ardiçh; Figure 3.24 shows medium-grained 
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Figure 3.22 - Chart of point counting results from the clastic rocks at the base of the Aktatepe 
Formation. See Section 3.1 for definition of categories. 
In Figure 3.22 a dominance of limestone grains (50-70 %) is seen in the sandstones from the 
lower part of the Kalkankaya Member. Limestone grains are presumed to derive from the 
Bolkar Carbonate Platform and the proximity of these sediments to the margin of the 
platform indicates that this is a likely sediment source. However, this contrasts significantly 
with the lower part of the Aktatepe Member, assumed to be an along strike equivalent. The 
large proportion of quartz in this rock is somewhat anomalous. Proposed sources of quartz 
in the U1ukiIa Basin are the Uckapili Granite in the Nigde-Kirehir Massif and the Horoz 
granite, southeast of Alihoca. The earliest suggested ages for exposure of the Uckapili 
Granite is Palaeocene / Eocene and the Horoz granite is dated at Upper Cretaceous - 
Palaeocene (çevikba etal. 1995); thus, it seems unlikely that either of these are the source 
of quartz in the Aktatepe Member. The rock may represent a localised concentration of 
quartz derived from a clastic block in the Alihoca Ophiolitic Mélange. Ophiolitic grains are 
important constituents of this sample and also in one sample from the Kalkankaya Member. 
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Figure 3.23 - Chart of point counting results from the lower Aktatepe Formation cropping 
out in the east of the Ulukila Basin. See Section 3.1. for definition of categories. 
Figure 3.23 shows point counting results from clastic rocks near Alihoca and Ardiçh. These 
are both part of clastic sequences beneath the U1ukila Formation and are considered as basal 
sediments equivalent to the clastic parts of the Aktatepe Formation. The rocks are both 
calcarenites and dominance of calcite and limestone is clearly seen. In the sample from 
Ardiçli locally derived calcite grains clearly dominate the rock. In contrast, the sample from 
Alihoca has a large proportion of limestone grains (>50%). Once again, this sample is more 
proximal to the Bolkar Carbonate Platform and may thus be influenced by sediment supply 
from this area. Also, a large proportion of grains assumed to be of ophiolitic origin are again 
seen. The sample from Ardiçli shows a large amount of oxides and alteration products. 
These grains are also assumed to be derived from the Alihoca Ophiolitic Mélange or from 
the Ulukila Formation. The Uluki1a Formation is mostly seen above the Aktatepe 
Formation; however, this may also be a source of such material (see below and Chapter 4, 
Section 4.1.2.). 
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Figure 3.24 - Chart of point counting results from calcarenites of the Omerli Member. See 
Section 3.1 for definition of categories. 
Sandstones from the Omerli Member were also counted and the results are shown in Figure 
3.24. The field descriptions of the member include the fact that the coarser parts are 
dominated by dark grains (Section 3.3.4.), which, in the field, were assumed to be of 
ophiolitic origin. However, petrographic study (Appendix 2) and point counting shows that 
lava dominates, probably derived from the Ulukila Formation. Lava grains were assigned 
to the Ulukila Formation, based on feldspar-phyric and aphyric nature and a general lack of 
alteration. If the Omerli Member, dated as Maastrichtian, contains material from the 
UluIu1a Formation, this has important consequences for the timing of incipient volcanism 
(Section 4.1.2.). These sediments may record the earliest phase of large-scale subsidence, 
which did not occur fully until the Palaeocene. This may also account for the high 
proportion of oxides and altered products in the Ardich sample (Figure 3.23), although this 
seems an unlikely source for this rock as no lava grains are seen. 
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3.3.6. Summary - Transgression & Shallow Carbonate Deposition 
The Aktatepe Formation comprises shallow-water limestones, all of which show a 
transgressive sequence changing from coarse and/or clastic nature at the base to well-bedded 
micrites at the top. The Omerli Member shows re-sedimentation of contemporaneous 
volcanic material (Ulukila Formation), suggesting that localised volcanism may have taken 
place early in the basin history. 
3.4. UPPER MAASTRICHTIAN TO LOWER EOCENE - EXTENSIVE 
SUBSIDENCE WITH VOLCANISM 
3.4.1. Halkapinar Formation - Introduction 
The Halkapinar Formation is  thick (c. 1.8 km), variable unit of mudstones, sandstones, 
carbonaceous sandstones, limestones and volcanic rocks cropping out throughout the 
Ulukila Basin. Two representative successions are detailed below: 
3.4.1.1. 	Field Description (Western Ulukila Basin) - cakillarto Biter 
Dag Section 
A line of section from a gorge southeast of cakillar village north to Biter Da (Fig 3.1) 
provides a complete section through the Halkapinar Formation succession (2270 m thick 
here). The section is well exposed and gives a typical succession through the formation in 
the western half of the Ulukila Basin, where it dominates Palaeocene sedimentation. 
The succession begins with very-coarse, matrix-supported conglomerates containing 
boulder-sized clasts up to 60 cm in diameter. The conglomerate clasts comprise 90 % 
limestones, whereas the other 10 % of grains are schist and rocks of ophiolitic origin. 
Occasional beds contain less well-rounded clasts (breccia), entirely derived from ophiolitic 
material (Figures 3.25a & b). 
ME 
Figure 3.25a - Very coarse-grained conglomerates of the basal Halkapinar Formation, with 
large-scale grading clearly evident. (loc. near gorge, southeast of cakillar). 
Figure 3.25b - Close-up of Halkapinar Formation conglomerates, clearly displaying very 
rounded nature of clasts, although relatively poor sorting (same locality as Figure 3.25a). 
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Up section (400 m), the clasts fine in grain size to pebble-granule grade; such beds are 
interbedded with coarse sandstones. The pebblestones are commonly several metres (5-8) 
thick and are laterally persistent showing no evidence of channelisation. The sandstone 
layers are thinner bedded and display no sedimentary structures. These beds are bioturbated 
and exhibit vertical burrows, 1.5 cm wide, which are infilled with coarser material, 
equivalent to the beds above (Figure 3.26). The sandstone beds also contain discontinuous 
patches of coarse gravelstone, typically 2-3 m long. 
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Figure 3.26 - Vertical burrows in sandstones, seen on transect from cakillar Gorge to Biter 
Dag in the mid part of the of the Halkapmar Formation. 
Fifty metres up section there is a further decrease in overall grain size and the appearance of 
sedimentary structures, which prevails for 500 m. Medium-to-fine sandstone is interbedded 
with mudstone and displays well-formed planar lamination. Most beds show grading from 
sandstone to mudstone and in some parts there is clear grading from pebblestone to 
mudstone. The upper parts of the sandstone beds display low-angle planar cross lamination, 
with a palaeoflow towards the west; see Section 3.4.1.4. Again, the beds are bioturbated; 
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vertical burrows are still present but are also joined by 2-4 mm non-branching circular 
burrows across bedding planes. Occasional beds of conglomerate are present that are several 
metres thick in the middle but thin outwards and clearly incise the sandstone and mudstone 
below. 
A further 100 in up section the succession again changes and thick-bedded sandstone makes 
up 80 % of the section. These sandstones are uniform and 2-3 m thick. They are 
interbedded with thin beds of mudstone. Channelised conglomerate deposits continue to cut 
across the rocks and contain poorly sorted, but very well-rounded, clasts up to 50 cm in 
diameter. The clasts are set in a matrix of mudstone to fine-sandstone, mostly of carbonate 
material. This part of the section is then overlain by the interbedded and graded sandstones 
and mudstones more typical of the succession as a whole. 
The upper part of the middle of the section (1400 m apparent thickness from the base) 
displays a complete change from elastic to volcaniclastic deposition. The volcaniclastic part 
begins with highly vesicular pillow-lava breccia. Fragmented pillows and other lava clasts 
are set in a variable matrix of either pink pelagic limestone matrix or a clastic mudstone 
matrix. Up-section the pillow lavas become well formed, displaying rounded and vesicular 
tops. The way-up suggests that these are conformable deposits and lava extrusion was 
contemporaneous with sedimentation. The mudstone matrix exhibits intense alteration. 
Up-section, there is a distinct change to a highly fossiliferous calcarenite. The limestone is 
dominated by nummulites, but also contains fragmental shell material and small clasts of 
limestone and ophiolite-derived material. This bed is several metres thick and overlain by 
more pillow lavas. Laterally, the exposures of pillow lava are restricted and suggest that 
extrusion was limited to localised patches. However, the volcaniclastics dominate the mid 
part of the Halkapinar Formation in this section for 450 m; typically, these are breccias of 
small (<20 cm), broken pillow lavas in which amygdales make up 5-10 % of the rock. 
The upper part of the succession (-1750 m from base onwards) shows a change to graded 
beds, comprising, on average, 10 cm of gravelstone, 10-15 cm of medium to fine sandstone 
and 30 cm of mudstone. The sandstones contain nummulites that increase in size up-section. 
The fine sandstones and mudstones of each unit are typically planar laminated, with rare cm-
scale cross lamination showing flow to the east. 
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A river gully at the base of Biter Dag (Fig. 3.1) exposes heavily deformed interbeds of 
sandstone and shale. The sandstones contain well-formed cross lamination with foresets 5 
cm high. Laterally discontinuous pebblestones are still present and contain nummulites. The 
southern flank of Biter Dag exposes the upper part of the sequence which continues to 
display interbedded sandstone and mudstone deposits. Current activity is intense with trough 
cross lamination, and some convolute lamination is also apparent. Other beds exhibit very 
well-formed ripple marks (Figure 3.27), and the section continues to be cut be channelised 
conglomerate bodies. 




Figure 3.27— Asymmetrical ripple structures in sandstone seen on the southern flank of Biter 
Dag, in the upper part of the Halkapinar Formation (hammer for scale). 
To the north of Biter Dag, on the southern flank of Guneydag (Fig. 3. 1), the section is 
repeated in the northern limb of a syncline. Differences from the section describe above are 
apparent, although limited. This section includes limestones and limestone conglomerates 
near the top of the section. There is also a marked reduction in ophiolitic material content 
compared to the outcrops further south. The limestones are massive bedded wackestones 
containing broken shell fragments and crinoid fossils. This massive limestone overlies sandy 
calcarenites, varying from thin-to-medium-bedded (10-20 cm), up to massive-bedded and 
rich in benthic microfossils. There are also nodular iron deposits present, usually elongate 
and parallel to bedding (approximately 10 x 20 cm). 
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3.4.1.2, 	Field Description (East & Central Ulukila Basin) —Gümü 
Village Section - (north from Aktatepe) 
The north-facing flank of Akta Tepe, to the south-east of GUm4 village (Fig. 3. 1), provides 
a second complete section through the Halkapinar Formation, exposing elastic deposits, 
typifying sedimentation in the Eastern and Central Uluki1a Basin at this time. 
The section conformably overlies limestones of the Aktatepe Formation and begins with 
marls and mudstones which pass upwards into interbedded mudstone and fine-to-medium 
grained sandstones, exhibiting grading (Figure 3.28). 
Figure 3.28 - Graded sandstone seen in the UUmu village section from the lower part of the 
Halkapinar Formation, (north to the right). 
Moving up section a change in rock-type is marked by a strong white ridge cropping out on 
the hillside. The ridge consists of limestone breccia containing clasts of grey micritic 
limestone with some pink pelagic limestone and chert. The unit is 30 m thick and grades at 
the top in a calcarenite wackestone. The clasts in the main breccia part of the unit appear to 
be derived from the limestones of the Aktatepe Formation, containing benthic foraminifera, 
Globotruncana, microbial deposits and possibly ostracods (Appendix 2). Further inspection 
laterally, shows that the beds are partially discontinuous; as a whole the horizon continues 
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for over 3 km, but locally it fades in and out, often to individual blocks of limestone within 
the surrounding clastic sediments. Blocks vary in size from 10 cm to tens of metres. 
The limestone-clast-rich horizon is overlain by more typical interbeds of the Halkapinar 
Formation, containing approximately even amounts of mudstone to medium-grained 
sandstone, with grading from the sandstone to the mudstone. Another prominent horizon, a 
blue coloured calcarenite with gastropod fossils (Figure 3.29), is seen 30 m up section. The 
limestone is fine-sandstone grade, medium-bedded and fossils appear throughout the 
individual beds in no preferred orientation (Figure 3.30). 
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Figure 3.29 - Gastropods in calcarenites exposed in a road cutting for the Gun -iu§ to Maden 
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Figure 3.30 - Sedimentary log of gastropod-rich section of the Halkapinar Formation (GUmu 
section, Fig. 3.29). 
The middle of the succession in this section comprises interbeds of mudstone, sandstone, 
breccia and conglomerate in varying proportions, best shown in Figures 3.32 & 3.33. This 
section includes conglomerates, which contain a mixture of varied clasts, poorly sorted, sub-
angular to sub-rounded and ranging in diameter from 2 cm up to 25 cm (Figure 3.31). The 
conglomerates commonly exhibit erosive bases, truncating fine-grained clastic sediments 
below (Figure 3.32). These conglomerates are locally wedge-shaped suggestive of 
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Figure 3.31 Conglomerates  Iruni the mid part of the Halkapinar Formation exposed in 
gullies south of Giimii§ village. Grading of this bed is seen and the well-sorted and rounded 
nature of clasts is also clear. 
Figure 3.32 (below) shows how the conglomerate channels are irregularly spaced through the 
succession. The clasts are dominantly limestone and ophiolitic material; other clasts include 
schist, pelagic limestone, clastic rocks, chert and quartz (see Section 3.4.1.4.). The 
conglomerates are partially matrix supported, but imbrication (and therefore clast-on-clast 
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Figure 3.32 - Representative sedimentary log of the conglomeratic part of the Halkapinar 
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Figure 3.33 - Detailed log of the mid part of the Halkapinar Formation from south of GUmU 
village. The log shows the interspersed nature of the conglomerates and the high proportion of 
laminated mudstone in the section. 
I 
Between the conglomerates, interbeds of siltstone and sandstone are seen. The siltstones are 
calcium carbonate-rich and are either completely or partially planar laminated. The 
sandstones commonly form discrete beds, 10 -40 cm thick, of medium-sandstone. There is 
little grading evident and no current bedding is seen in this part of the section. The 
sandstones commonly exhibit burrows and trace fossils, including horizontal burrows, i.e. 
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Figure 3.34 - Planolites burrows seen on bedding planes in the upper part of the Halkapinar 
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Gfimij§ vi llage, hammer handle for scale. 
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Figure 3.36 - Loup/nos trace fossil seen on bedding planes in the upper part of the 
hlalkapmar Formation south of Gurnü village, pen for scale. 
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Further up the sequence, located ENE of GUmü village, a chaotic calcarenite bed crops out 
and forms a distinct ridge. The beds consist of granular packstones, breccias and some 
laminated sandstone grade material. There is little micritic material and the unit is 
commonly clast supported. The origin of the material appears to be local as there is no 
evidence of lithification prior to deposition. Overall, the unit is similar to the re-deposited 
limestones toward the base of the succession, although this example has an smaller average 
grain size. The bed is approximately 35 m thick. Around this part of the section the elastic 
deposits are dominated by finer grade material; fine sandstone is interbedded with dominant 
mudstone and siltstone. The siltstones are blue in colour, largely calcium carbonate, 
although some (5%) dark clastic grains are also apparent. Where sandstones are present, 
graded tops are common and beds vary in thickness from 2 cm to 10 cm, and infrequently up 
to 20 cm. 
The upper part of the Halkapinar Formation at this locality is dominated by volcanic and 
volcaniclastic rocks, which are interbedded with minor elastic deposits more typical of the 
sequence as a whole. The volcanic input begins with thick-bedded chaotic breccias, 
containing angular clasts of volcanic material, up to 30 cm in diameter, randomly orientated 
in a hyaloclastic matrix. The clasts are feldspar-phyric basalts of varying colour and 
percentage of feldspar content. The elastic deposits around this part of the section show 
clear grading from graveistone to mudstone, well developed sedimentary structures are 
present including cross lamination, gutter casts and flute casts. Flute casts are usually groups 
of "conjugate parabolic" forms, although examples of "conjugate spindle-shaped" casts are 
also seen (following the description of Allen 1982). Bioturbation remains common. The 
coarser part (sandstones and gravelstones) only comprises 10 to 5 % of the section, the rest 
being planar laminated siltstone and mudstone. 
3.4.1.3. 	Palaeocurrents 
Figure 3.37 displays rose diagrams of palaeocurrent orientations interpreted, mostly, from 
cross lamination of sandstones and asymmetrical ripple surfaces, except d) where data are 
from clast imbrication in channelised conglomerate beds. Figure 3.37a and 3.37b show data 
from the lower and upper parts of the çakillar to Biter Dag section, respectively, whilst 
3.37c and 3.37d are from the GUmfl§ section; the lower and mid part of the section is shown 
in 3.37c, whilst 3.37d shows data from the top of the section. 
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In the lower parts of the Halkapinar Formation palaeoflow is oriented approximately west, 
with a mean vector of 282° in the cakillar area (Fig. 3.37a) and 295° in the lower part of the 
G(im(i§ section (Fig. 3.37c). In the upper part of the Formation there is a change toward the 
northwest (Fig. 3.37b & d); mean vectors for the Biter Dag area and the upper part of the 
GümU section are 334° and 31 1°, respectively. The significance of the results is discussed 
in Section 4.2.2. 
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Figure 3.37 - Rose diagrams showing palaeocurrents in the Halkapinar Formation for the two 
sections described above, a) and b) show data from the cakinar-Biter Dag section, from lower 
and upper parts, respectively. C) and d) show data from the GUmU village section, from lower 
& mid part and upper part, respectively. A change from west-dominated to northwest-
dominated flow is seen from the bottom to the top in both sections. 
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3.4.1.4. 	Point Counting 
Figures 3.38 and 3.39 show point count data from the Halkapinar Formation base and mid 
part respectively. Clast counting of conglomerates was also undertaken at the Gumü 
section and the results are shown in Figure 3.40. 
Figure 3.38 - Chart of point counting results from calcarenites at the base of the Halkapinar 
Formation in the west and central parts (Giimii§ section) of the Ulukila Basin. See Section 
3.1. for definition of categories. 
Point counting data from sandstones at the base of the Halkapinar Formation are shown in 
Figure 3.38. A striking similarity is seen in the make up of the sample from the west of the 
basin and the east (> 25 km apart). Clearly, erosion of the Bolkar Carbonate Platform was 
intense at this time, both rocks comprising over 60 % limestone grains. As seen in the 
Aktatepe Formation (Section 3.3.6.), proximity to the margin of the platform is likely to be 
an Important factor. 
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Figure 3.39 - Chart of point counting results from sandstones in the mid part of the Halkapinar 
Formation. Two samples are shown from the western section and one from the central part 
(Gümu section) of the Ulukila Basin. See Section 3.1. for definition of categories. 
Figure 3.39 shows point count data from the mid part of the Halkapinar Formation and again 
shows a similarity between the rocks from the two different sections. Again, limestone 
grains are an important part, but there is a strong increase in the amount of ophiolitic 
material in the rocks, making up between /4 and 1/3  of each sample. This is slightly more 
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Figure 3.40— Chart of clast counting results from conglomerates in the mid part of the 
Halkapinar Formation near Gümü. Note that many clast-type categories were not counted, as 
many, by definition, are sub-conglomerate grade. See Section 3.1. for definition of categories 
and Section 4.2.2. for discussion. 
Figure 3.40 shows the distribution of clast types in conglomerates in the mid part of the 
Halkapinar Formation in the GUmü section (see Section 3.1 for clast counting technique). 
The distribution of clasts is broadly similar to the distribution in sandstones (Fig. 3.39); 
however, the conglomerates appear to contain a slightly higher proportion of ophiolitic 
material, evenly distributed within the limestones. The other clast type present is quartz. 
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3.4.1.5. 	Summary - Halkapinar Formation 
Given the widespread and variable nature of the Halkapinar Formation the two sections 
summarised separately. 
West Section 
In the west the Halkapinar Formation shows an overall fining-upwards sequence, only 
interrupted by volcanic material in the mid part. The base is marked by coarse 
conglomerates, which grade up into pebblestones interbedded with sandstones. Bioturbation 
is common in this part of the section suggesting that sedimentation is intermittent. Grain-
size continues to decrease to medium-to-fine sandstones interbedded with mudstones, incised 
by channelised conglomerates. Sedimentary structures such as grading, planar cross-
lamination and planar lamination are common. In the mid part there is a change to thick-
bedded sandstone in the mudstone with a higher proportion of conglomeratic material. This 
is overlain by pillow lava-dominated volcanics and volcaniclastics, interbedded with 
nummulite-bearing calcarenites. The upper part of the succession is dominated by well-
graded sedimentary packages, from gravelstone to mudstone. Planar lamination is common 
although trough cross-lamination and convolute lamination are also seen. 
GOmO§ Section 
The Gümü succession begins with mainly mudstones passing up into interbedded medium-
grained sandstones and mudstones with well developed grading. A limestone mega-breccia 
is present. Gastropod-rich, blue calcarenites are also seen in this lower part of the 
succession. The mid part comprises variable interbeds of mudstone, sandstones, 
conglomerates and breccias. The conglomerates have erosive bases and are typically 
channelised. The sediments are calcium-carbonate rich; little grading is evident and 
sedimentary structures are sparse. Piano/lies and Zoop/iycos trace fossils are seen in the 
sandstones. The upper part of the succession comprises redeposited limestones and volcanic 
deposits dominated by volcaniclastic breccias. Palaeocurrents show a shift from westerly to 
north-westerly flow from the lower to the upper part of the Halkaprnar Formation 
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3.4.2. UIukuIa Formation - Introduction 
The U1ukila Formation dominates the exposure in the northeastern quarter of the Ulukila 
Basin. In the east, the Formation also reaches the southern margins of the basin, in places in 
direct contact with the Alihoca Ophiolitic Mélange. The Ulukila Formation consists of 
volcanic and volcaniclastic rocks and limestones. It is dominated by volcanic debris flow 
deposits. The following field description is separated into individual successions 
representing the variation of rock type in the Ulukila Formation. 
34.2.1. 	Field Description - Breccias and conglomerates 
Approximately 70-80 % of the U1ukila Formation comprises volcanic breccias (Figure 
3.41). 
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Figure 3.41 - Typical outcrop of volcanic debris-flow deposits of the I IukiIa hrmation, 
southwest of I Iuin e village near O acik. Fig. 3 IL approximately 100 in of section are seen. 
Typically these are structureless, thick-to massive-bedded breccias of redeposited volcanic 
material. They are poorly sorted, although often dominated by clasts of very coarse-grained 
size (>10 cm). The clasts are characteristically feldspar-phyric basalts, with a very fine 
groundmass (Figure 3.42). The groundmass is often coloured giving the rocks an overall 
hue, this varies widely from various shades of blue-to-green and red-to-brown. Phenocrysts 
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of feldspar vary in size from sub-millimetre dimensions to 4-5 mm long. The clasts are set 
in a dark hyaloclastite matrix and vary between totally clast supported and totally matrix 
supported. In the hillside above the town of çiftehan such deposits are 300400 m thick with 
little variation in lithology. The volcanic breccias near the turning to Alihoca village (Fig. 
3.1) also contain clasts of limestone and sandstone, which appear to have been baked in 
contact with lavas. 
1 . 
Figure 3.42 - Typical Ulukila Formation volcanic breccia exposed near ciftehan village. 
Clasts are various lava fragments, which are set in a lava matrix. 
A different type of lava-rich breccia is seen near Alihoca village and on the northern side of 
caykavak pass (Fig. 3.1). In these examples the unit is totally matrix supported and the 
matrix has altered to a soft white clay (Figure 3.43). The beds are relatively clast poor 
compared to the more common breccia described above. Such beds are typically graded 
with large clasts (metre scale) at the base, often including complete pillows, grading into fine 
(10-30 cm) clasts (broken pillows, small pillow and disseminated lava flows) at the top. 
Clast density is often higher at the top, and the very coarser material may only form 
individual layers toward the base of the deposit. Such beds vary from 5 and 15 m thick and 












Figure 3.43 Volcaniclastic sediments of the U1uki1a Formation near Alihoca village. In the 
centre-right of the photo complete individual pillow lavas are set in an altered hyaloclastic 
matrix. On the left (up-section) very fine-grained, laminated mudstone, rich in metalliferous 
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Figure 3.44— Representative log of the graded, hyaloclastic debris flow deposits and 
interbedded fine-grained mudstones from the Ulukila Formation near Alihoca village. 
3.4.2.2. 	Field Description - Pillow lava and lava flow 
Striking outcrops of submarine extrusive deposits occur throughout the UIukila Formation. 
Examples include caykavak Pass (on the road from Uluki1a to Nigde), the road section 
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from the main highway (D-750, Fig. 3.1) to Alihoca village and near Unlukaya village, 
toward the middle of the main outcrop of the Uluki1a Formation (Fig. 3.1). 
At caykavak Pass, the sequence includes many features indicative of subaqueous deposition 
and typical of such successions in the Ulukila Formation. Pillow lava deposits typically 
comprise black aphyric lava, occasionally the lava is porphyritic, with small phenocrysts of 
feldspar. The pillow lavas vary in size considerably from 15 cm to large bolster pillows up 
to 4 m long. Typically pillows are between 50 cm and 1 m in size and are well formed, with 
rounded tops and concave bases (Figure 3.45). The smaller pillows form less well-
developed horizons and are usually surrounded by a hyaloclastic matrix and appear to have 
been redeposited after extrusion. 
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Figure 3.45 - Pillow lavas from the Ulukila Formation exposed in caykavak Pass road 
cutting (road sign for scale, right is oriented south). The way-up is shown by the rounded top 
surfaces of the pillows. 
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The pillow lavas are often surrounded by interstitial sediments (Figure 3.46 & 3.47). At 
caykavak this is commonly very fine-grained limestone, pink in colour and apparently baked 
by lava extrusion. Another striking feature is the presence of a large circular area of 
competent lava with cooling cracks radiating from the centre and varying from lm to 4-5m 
in thickness (Figures 3.47). 
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Figure 3.46a - Interstitial limestone between Ulukila Formation pillows at cayka'ak cutting 
(notebook for scale). 
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Figure 3.46b - Close-up of interstitial material from Fig. 3.46a with pen for scale. Chilled 
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Figure 3.47 Section through Uluki.la Formation lava tube at the Qaykavak pass road cutting, 
exhibiting radial cooling fractures as highlighted in B) (hag, outlined in black in B) for scale). 
Fine examples of pillow lava are also seen east of Alihoca, where an impressive outcrop also 
shows the base of a pillow lava flow. At this locality interstitial material has draped over 
pillow lavas (Fig. 3.48) and, in places, descended down cooling cracks in the lavas. Other 
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beds at Alihoca are dominantly hyaloclastic material of medium to coarse sand grain size, 
with complete and broken lava pillows suspended in the sediment, notably at one point a 






Figure 3.48 - Pillow lavas from the Uluki1a Formation with draped sediments near Alihoca 
village, (notebook for scale). 
Lava flows of the Ulukila Formation are often massive structureless bodies, but 
occasionally display columnar jointing e.g. near Alihoca. Variable lava flows mark the top 
of the U1ukila Formation near GUney village (Fig. 3.1). Typically these are thin lava layers 
10-50 cm thick, varying from black aphyric lava to feldspar-phyric basalts, to coarser 
examples which contain 60 % feldspar with a mafic mineral (pyroxene) making up the 
remaining 40 %. Some of the finer-grained extrusives display flow banding. Elsewhere lava 
flows can be coarser and contain varied phenocrysts; feldspar remains present, but pyroxene 
and notable amounts of olivine are also seen near Gödeli (Fig. 3.1). 
3.4.2.3. 	Field Description - Finer-grained Volcaniclastic Sediments 
Another common component of the Ulukila Formation is volcaniclastic sediments. These 
are often associated with the altered, white, hyaloclastic matrix, clast-poor volcanic breccias 
described above. Sections of volcaniclastic sediments are present throughout the Ulukila 
Formation outcrop and comprise mudstones, sandstones, conglomerates and breccias of 
volcanogenic origin. These are commonly interbedded with some lava flow deposits and 
1-i Ail 
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even pillow lavas. Figure 3.49 and 3.50 are sedimentary logs of volcaniclastic deposits from 
near ciftekoy village and on the road from ciftehan to Unlukaya. 
The section at ciftekoy is 200 in thick (Figure 3.49 only showing a representative portion) 
and overlies aphyric lava flows up to 20 m thick It is dominated by volcaniclastic 
sandstones interbedded with laminated mudstone, typically exhibiting grading. Cross 
lamination is evident in one bed. The section includes two thick conglomerate beds (<2 m), 
the upper containing large clasts of fresh unaltered lava. Clasts other than volcaniclastic 
rock present include chert and red pelagic limestone. 
Figure 3.50 shows logs of volcaniclastic sediments from a road cutting in the south-central 
part of the main Ulukila Formation outcrop. This section is similar to the ciftekoy section 
described above, but includes pillow lavas and prominent limestone beds. Grading in the 
volcaniclastic beds can be seen in Figure 3.50b and the fine mudstone at the top of a graded 
bed is commonly replaced by calcareous mudstone or limestone. Lamination is common in 
the finer grained deposits and some ripple structures are preserved. Again the section is 
interrupted by thick conglomerate beds, containing some very large clasts (>20 cm). Figure 
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Figure 3.49 - Sedimentary log of Ulukila Formation volcaniclastic sediments near çiftekoy 
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Figure 3.50 - Logs of volcaniclastic deposits from the south-central part of the Ulukila 
Formation (north of ciftehan) showing interbedded nature of volcaniclastic beds, limestones 
and volcanic rocks. Grading is seen in many sandstone beds and planar lamination is also 
regularly seen. 
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Other examples of volcaniclastic sequences are seen at Alihoca and at the northern side of 
caykavak Pass, Figures 3.51 and 3.52 respectively. Both examples show the clear 
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Figure 3.51 - Sedimentary log of volcaniclastic sediments from the UIuki1a Formation, near 
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Figure 3.52 - Sedimentary log of volcaniclastic sediments from the Ulukila Formation, near 
Alihoca village, overlain by pillow lavas. 
3.4.2.4. 	Field Description - Subordinate Interbedded Limestones 
As described above the Ulukila Formation includes limestones; however, these are often 
discrete horizons or sequences, typically between 5 and 30 in thick, rather than interbeds 
I 
amid the volcaniclastic deposits and interstitial material in lava deposits. Examples of 
limestones are seen at the northern margin of the Ulukila Formation outcrop on the road 
from Ovacik to lihan near the village of Husinye. 
The limestones near Husinye (Fig. 3.1) are developed as conformable beds in a sequence 
including volcanic breccia and pillow lavas (Figure 3.53). The lowest limestones are 
bioclastic wackestones and calcarenites (with clasts up to 10 cm in diameter). The grains are 
semi-angular, poorly sorted and consist of reworked microbial material, fragmental coral and 
some volcanic material. There is a two-stage matrix, larger clasts are set in finer grains of 
the same material; this is then bound by dark-red, very fine-grained micrite. The beds are 
laterally continuous and up section volcanic input reduces. Beds containing solely red-to-
pink fine-grained micrite are also present. 
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Figure 3.53 - Limestone beds in the Ulukila Formation, near Husinye, showing positive relief 
relative to the volcanic rocks. The bed is 4-6 m thick and the top is marked by the arrows in 
the photograph. 
Limestone is also present in the Ulukila Formation near Unlukaya village (Fig. 3.1). The 
limestone here is of a similar nature and displays clear interaction between the carbonate and 
volcanic systems. The rock grades from a fine-grained bioclast-rich wackestone to a 
calcarenite rich in volcanic grains (Figure 3.54). The calcarenite consists of rounded clasts 
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of volcanic material held in a fine micritic matrix. The rock also contains mudstone rip-up 
clasts and individual feldspar grains; non-volcanic clasts in the rock tend to be sub-angular to 
angular. Fresh biotite is also present. Fossil material in the limestone includes bivalves, 
nummulites and shell fragments. Figure 3.55 shows lava that has been extruded into, or 
onto, carbonate material prior to lithification, and exhibits a chilled margin; baking of the 
sediment can also be seen. 
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Figure 3.54 - Calcarenite in the Ulukila Formation exposed near Unlukaya village displaying 
contrast between dominant grain size from gravel-sized to fine-sand grade. Dark grains are of 
volcanic origin. (Hammer for scale). 
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Figure 3.55— Interaction of lava (dark) and limestone (light) from the Uluki1a Formation near 
Unlukaya village. (Hammer for scale). 
3.4.2.5. 	Summary - UlukiIa Formation 
Breccias and conglomerates 
Very coarse-grained deposits are dominated by breccias of feldspar-phyric lava and some 
sections reach 400 m in thickness. Typically the clasts are held in a hard volcanic matrix, 
although some sections exhibit an altered hyaloclastic matrix and notably also contain 
complete pillows. 
Pillow lava and lava flows 
Pillow lavas and pillow breccia dominate, usually as aphyric lava. The pillow breccias often 
have an altered hyaloclastic matrix. The pillows typically have limestone as interstitial 
material between individual pillows. A possible lava tube is seen at one locality. Lava flows 
vary from thin to thick and often exhibit columnar jointing. 
Finer—grained Volcaniclastic sediments 
Volcaniclastic deposits include mudstones, sandstones, conglomerates and breccias and 
appear as discrete sections within debris flow deposits. Sediment grading and planar 
lamination is common and the sediments are often interbedded with pillow lavas, lava flows 
and limestones. As seen in the sedimentary logs, ripples, cross-lamination and dewatering 
structures are also present. Boulder sized clasts are also often seen in coarser-grained beds. 
Limestones 
The limestones commonly form discrete horizons, locally interbedded with volcaniclastic 
sediments. They often comprise bioclastic wackestones and calcarenites and are suggestive 
of current re-working; mud rip-up clasts are seen at some localities. Contemporaneous 
interaction of the carbonate sediments and extrusive lava material is seen. 
3.4.3. Large Intrusive Bodies in the UIukuIa Formation 
	
3.4.3.1. 	Introduction and Previous Work 
Large intrusions of acidic igneous rock are found in the Ulukila Formation ranging from 
several hundred metres across to > 2 km. These intrusive rocks, investigated in detail by 
çevikba (1991), include monzonite, diorite and syenite. Boztug et al. (200 1) relate these 
intrusions to other acidic intrusive bodies in the northern part of the Tauride Carbonate 
Platform, namely the Horoz Pluton near Pozanti and the Karamodazi Granite pluton to the 
northeast of the study area. Both çevikba (199 1) and Boztug et al. (200 1) infer the origin 
of the Tauride intrusions (Horoz and Karamodazi) as resulting from post collisional 
thickening of the crust. By contrast Boztug et al. (2001) reported the intrusions within the 
Ulukila Basin to be related to crustal thinning processes. Hydrothermal alteration of 
intrusions and the country rock around them is extensive and commonplace. 
3.4.3.2. 	Field Description 
The intrusive rocks in the Ulukila Basin are dominated by two large outcrops in the south 
and centre of the Ulukila Formation outcrop, a smaller one to the north of ciftehan 
(Yaglita diorite; çevikba 1991; çevikba & Ozuntali, 199 1) and larger elongate body 
northeast of çanakci (Ucurum Tepe monzonite; çevikba 1991; cevikba & Ozuntali, 
1991). 
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The contacts of the Yalita diorite are exposed in road cuttings north of ciftehan. The 
southern contact zone is disrupted and altered, clearly being more susceptible to weathering 
than the core of the intrusion. Alteration has also affected the country rock; these rocks are 
heavily weathered to soft clay. Alteration is pervasive and concentrated around fracture 
zones, suggestive of hydrothermal alteration. Within the intrusion there are xenoliths of 
heavily altered country rock, which locally exhibit evidence of being partially assimilated; 
the margins of the xenoliths are commonly diffuse. 
The northern contact is similar, although brecciation and alteration of lava deposits is more 
intense. There is clear interfingering of the intrusion in the country rock on this side of the 
intrusion. The country rocks appear baked around the intrusion for 400 in along the road 
section; however, the affects of alteration continue much farther than the obvious baked 
zone. 
The Uçurum Tepe monzonite is exposed in road cuttings farther north, near turning to the 
village of ciftekoy (Fig. 3.1). The southern contact zone starts with 1-2 rn-thick pegmatitic 
dykes (dominantly large pink feldspar) intruded into baked country rock. Heavily altered 
and partially assimilated volcanic material is present, with pink feldspar. More commonly 
the dykes are fine-to-medium grained, dominated by feldspar (Figure 3.56), or finer-grained 
examples of the rock comprising the main outcrop. Dark, fine-grained dykes with 
phenocrysts of homblende and lesser amounts of olivine are also present and cut the 
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Figure 3.56 Andesitic and pink feldspar-rich dykes in the contact zone of the Ucurum Tepe 
monzonite. near çiftekoy village. (Notebook for scale). 
lhc inlrusi\ e rock coarsens a a Cl,olll the contact and has a strong tI lilt on, of thin ( 5 cm 
thick) melanocratic and leucocratic layers (Figure 3.57). This pattern is common in the core 
of the intrusion. The intrusion is coarse-grained, and comprises white feldspar, quartz and 
mica. The mafic content of the rock is entirely biotite, and the felsic component quartz and 
white feldspar (40%). Toward the centre of the intrusion large pink, twinned phenocrysts of 
feldspar are seen. 
00, 
Figure 3.57 - Core part of the LJcurum Tepe rnonzonite showing the fabric developed in the 
rock. Parallel layering of melanocratic and leucocratic minerals occurs sub-parallel to the 
contact of the intrusion (not shown). (Pen for scale, loc. near ciftekoy village). 
Xenoliths of volcanic material are common and large-scale assimilation of volcanic material 
has taken place, evidenced by ghost structures of pillow lavas and debris flow deposits, 
where the original volcanic material has completely changed to intrusive rock. In general, 
the xenoliths are oriented sub-parallel to the boundaries of the intrusion. Evidence of high-
temperature alteration is present in the form of epidote and a large number of white / pink 
veins of rhodonite (Figure 3.58). The rhodonite veins are often concentrated around the 
assimilated volcanic rocks. 
The overall section, including contact zones, is c. 1.5 krn wide; however, the actual intrusion 
comprises roughly 800-1000m of that section. The northern end of the intrusion shows 
more pale andesitic dykes and partially assimilated volcanic material. 
13A 
Figure 3.58 - Patches of rhodonite in assimilated volcanic rocks in the Uçurum lepe 
monzonite (near ciftekoy village). The rhodonite is concentrated around such zones of 
assimilation. (Pen for scale) 
3.4.3.3. 	Summary - Intrusions 
Several large (> 1 km) igneous plutons crop out in the Uluki1a Formation and comprise 
diorites, monzonites and syenites. Contact zones are wide and are sites of hydrothermal 
alteration; the country rock is often baked around the intrusions. The margins of the 
intrusions exhibit pink-feldspar rich dykes, which show cross-cutting relationships; some 
mafic dykes are also present. Within the intrusions baked xenoliths are commonly seen and 
a banded fabric is locally observed. High-temperature hydrothermal activity is evidenced by 
rhodonite, often concentrated around patches of assimilated rock. 
3.4.4. Summary - Extensive subsidence and volcanism 
A period of extensive subsidence and volcanism in the Ulukila Basin is represented by the 
dominantly turbiditic Halkapinar Formation and the thick volcanogenic deposits of the 
U1uki1a Formation. Both of these units are of considerable thickness and there is some 
interfingering of the deposits. The Halkapinar Formation is dominated by slope-derived 
deposits, apparently shedding material derived from high ground to the south. The Ulukila 
Formation records volcanism in the basin, which, given the thickness of the formation 
(<1500 m), must have been widespread. The deposits include pillow basalts, pillow 
breccias, lava flows, very coarse breccias and conglomerates, limestones, and graded fine-
grained volcaniclastic deposits. 
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3.5. UPPER PALAEOCENE - POST-VOLCANIC CARBONATES 
3.5.1. Hasangazi Formation - Introduction 
Around the periphery of the Ulukila Formation shallow-water limestones of the Hasangazi 
Formation crop out overlying the volcanogenic rocks. The Hasangazi Formation is divided 
into two members; the Basmakçi Member representing reef talus, whilst the GUmü 
Member, which is restricted to southern part of the basin, represents open shallow-water 
deposition. 
3.5.2. Basmakci Member 
The Basmakci Member crops out around the village of Basmakçi (Fig. 3. 1), located in a 
kilometre-scale open syncline. The Basmakçi Member is deposited conformably on the 
Ulukila Formation and the outcrop is controlled by a series of large-scale (hundreds of 
metres) folds (Figure 3.59, see also Fig. 5.32d). 
WzWiW 
Figure 3.59 - Basmakçi Tepe southeast of Basmakçi village. Outcrops of the Basmakçi 
Member are seen across the hillside resting on volcanic rocks of the U1uki1a Formation. The 
curved nature (white) of the outcrops reflects large-scale open folding. The valley in the mid-
ground (outlined in black) contains sediments of the Bozbeltepe Formation in a steep isoclinal 
syncline. 
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3.5.2.1. 	Field Description 
The base of the Basmakçi Member is marked by clastic deposits, locally variable in type and 
thickness. In a quarry close to Basmakçi village the base of the Member is marked by a 
conglomerate of rounded, spherical lava clasts set in a sparry calcite matrix. The clasts are 
of various lava types, although dominated by aphyric basalts, commonly exhibiting vesicles. 
The clasts are poorly sorted varying in size from millimetres to 15 cm in diameter. 
The Basmakçi Member crops out as a long ridge to the north of the village of Gödeli (Fig. 
3.1). Here, the base of the sequence is also clastic, but is more "sandy" in nature. The base 
is again marked by a conglomerate, but here, the matrix is volcaniclastic sandstone. The 
conglomerate grades up section into volcaniclastic sandstone with a sparry calcite cement. 
The sandstone is laminated and a few horizons exhibit cross bedding. 
The major part of the Basmakci Member is dominated by limestones, which overlie the 
clastic deposit marking the base. Typically, the limestones are wackestones rich in 
fragmental bioclastic material. At the Basmakci quarry location, in hand specimen, it is 
possible to identify microbial material as broken mats and oncoliths. Corals are also seen, 
colonial bodies comprising roughly circular ring structures < 2 mm in diameter. In parts of 
the section coral-bearing horizons are close to a boundstone. The bioclasts are set in a sparry 
calcite cement. At the "Gödeli Ridge" locality the limestone is similar, although beds show 
distinct variation in the ratio of bioclastic material to cement. The bioclasts in some horizons 
are bound by microbial material. 
The Basmakci Member exhibits considerable thickness variations. South of Basmakçi 
village the Member is approximately 150 in thick, whereas the northern limb of the syncline 
around Basmakçi (1 km NW of Basmakci)it reduces to 5-6 metres. The syncline is oriented 
east-west and thickness variation is apparent in this direction also. Westwards from the 
"GOdeli Ridge" the unit wedges out over 2-3 km. Several potential "lenses" of Basmakci 
Member are seen in the area, although some may be related to thrust faulting (see section 
5.2.3.2) rather than depositional control. 
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3.5.2.2. Summary - Basmakci Member 
The Basmakçi Member is deposited conformably on the UIukila Formation. The base is 
marked by elastic deposits including a breccia of lava clasts set in a carbonate matrix at 
Basmakçi quarry, whilst nearer Gödeli the matrix is volcaniclastic. Typically, the unit 
comprises wackestones rich in bioclastic grains, including corals and microbial material. 
3.5.3. GUmO§ Member 
The Gtimil§ Member is a time equivalent to the Basmakçi Member, but is restricted to the 
southern part of the Ulukila Basin, cropping out on both limbs of the syncline to the south 
of the main outcrop of the Ulukila Formation. Notable outcrops occur at the villages of 
GUmU, Hasangazi and between Hasangazi and ciftehan (Fig. 3.1). 
3.5.3.1. 	Field Description 
The Giimii§ Member consists of limestone deposited conformably onto the volcanics of the 
Ulukila Formation. This relationship is most clearly seen at Hasangazi village where 
nummulite-rich limestones contain small inclusions of lava in the limestone. The limestone 
is a biomicrite containing large nummulites, up to 3 cm in diameter, and pecten-like bivalves 
from 3 mm to 2 cm in diameter. The matrix is a mixture of brown coloured clay and blue-
grey micrite. The limestones vary considerably, from mud-rich layers to bioclastic layers. 
Where abundant, nummulites are oriented parallel to bedding. Some layers coarsen to 
packstone containing granule-sized grains of fragmental bioclastic material and 
volcaniclastic grains up to 5 mm in diameter. Commonly these layers are matrix poor and 
grain supported. 
Lava is randomly distributed in the limestone varying locally from a few centimetres to 1 in 
along the long axis. Volcanic material is altered, with large amounts of chlorite. The lava is 
feldspar-phyric basalt and typically exhibits a white, very altered, carapace. Some parts of 
the boundaries are more diffuse and there is clear interaction between the limestone sediment 
and the lava (Figures 3.60 a & b). 
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Figures 3.60 Outcrops of GUmii§ Member limestone near Hasangazi village exhibiting 
depositional intercalation of limestone and lava. The lava is heavily altered and displays a 
chilled carapace. In the left of a) the boundary between the two is very diffuse. In b) large 
nummulites are apparent in the limestone and fringes of the lava. 
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Near GUmU village, from where the unit takes its name, the GUmü Member crops out as an 
east-west trending ridge. Here, indistinctly bedded limestone displays less interaction with 
the Ulukila Formation but is again deposited conformably on it. Exposures in road cutting 
though the ridge south of Giimij§ comprise fine-grained, light-grey in colour and planar 
laminated limestone. The limestone is rich in microfossils, microbial material, bivalves and 
echinoid remains, but lacks the large numbers of nummulites seen elsewhere in this Member. 
Along-strike (500-800 m) some nummulites are present, although relatively rare and small 
(<5 mm) compared to the Hasangazi section described above. 
Nummulite-rich horizons typify the GUmU Member as in exposures north of the road (D-
750, Fig. 3.1) mid way between çiftehan and Hasangazi where some packstone beds consist 
almost entirely of nummulites. These beds are often graded and the nummulites lie parallel 
to bedding, possibly imbricated, which, along with the grading, may suggest a palaeoflow 
direction. At this locality the nummulite-rich layers grade upwards into sandstones. There 
are also lava horizons, which contain numrnulites, again showing the interaction between the 
extrusive lava and the sediment present at extrusion. 
Another notable feature of the GUmü Member, seen in outcrops north-east of çiftehan, is 
the presence of glauconite in some beds. The glauconite is present exclusively within 
nummulite-rich sandstone beds, as shown in Figure 3.61. The succession comprises 
interbedded, planar laminated, siltstones and fine-to medium-grained sandstones. Glauconite 
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Figure 3.61 - Sedimentary log, from NE of ciftehan, displaying the dominance of nummulites 
in the coarser beds of the Gfimii§ Member. Glauconite is common in the section. 
3.5.3.2. Summary - Gumu Member 
The Gümu Member occurs in the southern part of the basin and is deposited conformably 
on the Ulukila Formation. The unit is variable, comprising wackestones, packstones, 
calcarenites and biomicrites. The unit is rich in nummulites, up to 4 cm in diameter. 
Contemporaneous interaction of the carbonate sediments and extrusive lava is seen at the 
base. At one locality the presence of graded calcarenites, dominated by nummulites, is 
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suggestive of current activity, whilst near GumU village there is a conspicuous lack of 
nummulites. In the east of the basin, north of çiftehan, glauconite is common, suggestive of 
a transgressive environment. 
3.5.4. Summary - Post Volcanic Carbonate Deposition 
The Hasangazi Formation records a period of limestone deposition, conformable on the 
Ulukila Formation volcanics. The base is marked by clastic reworking of the volcanic 
material and interaction of lava with the carbonate sediments. The Basmakçi Member is 
deposited in the north-central part of the basin and comprises bioclast rich wackestones 
including coral fragments. In the south the GUmu Member comprises various limestones, 
often of a coarse redeposited nature and, almost uniformly, containing nummulites. 
3.6. LOWER TO UPPER EOCENE - SUBSIDENCE AND CLASTIC 
DEPOSITION 
3.6.1. Bozbeltepe Formation - Introduction 
The Bozbeltepe Formation conformably overlies the shallow-water limestones of the 
Hasangazi Formation where present, and conformably overlies volcanics of the Ulukila 
Formation elsewhere. However, the Formation is regionally extensive and is also seen to 
unconformably overlie both the Alihoca Ophiolitic Mélange and marbles of the Bolkar 
Carbonate Platform in some areas. The Bozbeltepe Formation mostly comprises intercalated 
graded sandstones, siltstones and mudstones, with sporadic tuff deposits. 
3.6.1.1. 	Field Description 
Outcrop of the Bozbeltepe Formation in the Ulukila Basin is extensive and widespread. 
The following descriptions are from several localities throughout the basin (Fig. 3.1) and are 
representative of the unit as a whole, moving up the succession. 
Lower Part - Yenikoy 
The clastic deposits of the Bozbeltepe Formation conformably overlie the Ulukila 
Formation near the village of Yenikoy (Figure 3.62). Coarse grained, medium-to-thin 
bedded deposits typically display upward fining, cross bedding and other sedimentary 
structures. Grain size is, however, variable and conglomerates are interbedded with 
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sandstones, siltstones and mudstones. The conglomerates contain clasts of volcaniclastic 
material and bioclastic microbial limestone containing nummulites, bryozoan and bivalve 
fossils. The conglomerate layers are clearly incised into the laminated mudstone and 
sandstone and are typically laterally discontinuous layers, 10-30 cm thick and only a few 
metres wide (3-5 m). Intraclasts of mudstone are present in both conglomerates and 
sandstones. Within the clastic deposits limestone horizons are present, between 20 and 50 
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Figure 3.62 (Previous page)— Sedimentary log of the lower part of the Bozbeltepe Formation 
exposed near Yenikoy village. Sedimentary structures indicative of high-energy deposition are 
common throughout the section. 
Lower Part - Kara GäIu 
The Bozbeltepe Formation unconformably overlies marbles of the Bolkar Carbonate 
Platform at Kara Gölu (Figure 3.63). The Bozbeltepe Formation begins with a thick (4-5 m) 
breccia containing angular clasts of metamorphosed limestone and ophiolitic rock in equal 
proportions (Figure 3.64). The unit is poorly sorted and clasts are up to 50 cm in diameter at 
the base. This grades up to another 5 rn-thick bed of finer conglomerate, averaging 5-10 cm 
clasts, which again fines up such that the top metre is sandstone. These beds are overlain by 
more sandstone rich in calcite. At this horizon fossil material is apparent, notably large 
nummulites. The sandstones are interbedded with coarser graveistone horizons. These are 
laterally persistent on an outcrop scale and contain pebbles, shell fragments and nummulites. 
Pebbles (5-10 cm) are also seen individually suspended in the sandstones. 
Figure 3.63 - Unconformable sediments of the Bozbeltepe Formation exposed near Kara 
Gölu, the photograph is oriented with left south and right north. The far left of the photo and 
the foreground shows marbles of the Bolkar Carbonate Platform sediments. The clastic 
deposits of the Bozbeltepe Formation are seen dipping away to the right, deposited upon the 
limestone base of the unit. The hard outcrops are sandstones, interbedded with mudstones, 
(see Fig. 3.64). 
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Figure 3.64 - Compilation log of the Bozbeltepe Formation section near Kara Gölu, see also 
Figure 3.63. Coarse basal-conglomerates are overlain by nummulite-rich limestones. Above 
this, laminated mudstones are cut by coarse sandstones and conglomerates. 
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The clastic deposits described above are overlain by 45 in of well-bedded "sandy" limestone, 
rich in fossil material. The background sediment is a coarse-grained sandstone. Macrofossils 
include nummulites, bivalves and intact and fragmented echinoids. Generally the fossil 
material is fragmental, often as large (5-8 cm) pieces. Bivalves are large, have thick shells 2-
3 mm and exhibit deep crenulation. The nunimulites are usually concentrated in patches, 
this is especially evident near the top of the 45 m where fossil concentration is high and 
generally the fossils are more intact. 
The limestone is overlain by interbeds (thin-to-medium) of sandstones and rnudstones, which 
thicken toward the north, away from the Bolkar Carbonate Platform (Figure 3.63). 
Typically, these deposits are planar laminated, although ripples and cross-lamination are 
seen in some sandstone beds. Approximately 70 in up into the section the sandstones and 
rnudstones are cut by a 2 m thick conglomerate, which has an average clast size of 15 cm, 
but is notable for containing boulders sized ophiolitic clasts in the base. 
Lower and Mid part - South of Aktoprak 
A similar relationship to the one described above is seen south of the village of Aktoprak, 
although a thicker outcrop means that higher parts of the Bozbeltepe Formation are exposed. 
The base of the section in again dominated by graded clastic deposits interbedded with 
nummulitic limestone (Figure 3.65), although here lava is also seen. There is interbedding 
between the lava deposits and the limestones and clastics. Volcaniclastic material is present 
in the clastics, which is not the case at Kara Gölu. Between 50 and 70 in of volcanic 
material is present, mostly basalt lava flows with a green groundmass and black phenocrysts, 
although toward the top the rock becomes aphyric and grey-to-pink in colour. The 
uppermost flow exhibits well-developed columnar jointing. 
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Figure 3.65 Graded sandstone bed of the Bozbeltepe Formation exposed south of Aktoprak 
village, with pen for scale. The bed exhibits two graded packages with lamination in the fine-
grained sandstone part. At the top of the bed (below the tip of the pen) cross-lamination can be 
seen. 
Further up section, blue-to-purple grey interbedded mudstone, siltstone and sandstone typical 
of the Bozbeltepe Formation, crop out. Sedimentary structures indicate current activity, 
although fine-grained sediments with few sedimentary structures comprise a greater 
proportion of the section (Figure 3.66). Planar lamination, ripple marks, cross-lamination, 
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Figure 3.66 - Representative log of the Bozbeltepe Formation exposed south of Aktoprak. 
The thin-to medium-interbedded sandstones and mudstones are typical of the mid part of the 
Bozbeltepe Formation. 
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Figure 3.67— Sedimentary structures indicative of high-energy deposition are exposed in 
sandstones of the Bozbeltepe Formation south of Aktoprak. Theses include cross-lamination, 
which is common in this part of the section. 
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Figure 3.68 - Load casts resulting form the interbedded nature of the deposit are seen in the 
Bozbeltepe Formation exposures south of Aktoprak. 
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Mid part - Irrigation pond east of Guney village 
Deposits typical of the Bozbeltepe Formation are seen at an irrigation-pond by the roadside 
east of Guney village and to the north of çaykavak Pass (Fig. 3.1; the rocks are exposed in 
the walls of the pond when dried out, Figure 3.69). Exposures exhibit interbedded 
sandstones and siltstone, with higher proportions of sandstone present than mudstone and 
siltstone. 
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Figure 3.69— Fold exposed in an irrigation pond southeast of Guney village. The interbedded 
nature of the Bozbeltepe Formation at this locality is seen and the fold is especially "picked-
out" by a 50 cm-thick sandstone unit in the centre of the section. (Rucksack for scale). 
At this locality sedimentary structures are common, including cross-lamination, convolute 
lamination and flute casts (Figures 3.70 a, b & c). Convolute lamination is typically 
"metadepositional" (Allen 1982) with truncation common at the upper part of the folds (Fig. 
3.70b). Flute casts in the Bozbeltepe Formation are "conjugate parabolic" assemblages 
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Figure 3.70 a,b,c, (This page and previous) - Sedimentary structures in the Bozbeltepe 
Formation are well developed in sediments exposed in the irrigation pond southeast of GUney 
village, a, b & c show cross lamination, convolute lamination (metadepositional) and 
"conjugate parabolic" flute casts respectively. 
North of this locality, road cuttings on the road from Ulukila to Nigde also expose 
sediments of the Bozbeltepe Formation from the northern end of the caykavak pass to 
several kilometres north of Guney village. One exposure contains thick beds of cream-to-
brown coloured crystalline rocks. The rocks are very hard, show conchoidal fractures and 
are laminated. Laminations are as dark-brown lines on the surface of the rocks. Bed-scale 
folds are present and restricted to individual layers. Slab-shaped intraclasts, up-to I in long, 
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Figure 3.71 (Previous page) - Sedimentary log of the local Bozbeltepe Formation succession 
seen in the irrigation pond near Guney village. The log shows sedimentary structures 
indicative of deposition under relatively high-energy conditions (i.e. cross lamination, ripple 
lamination and convolute lamination). The log also shows a lesser amount of graded sandstone 
compared to other parts of the Bozbeltepe Formation. 
Mid part - Bozbeltepe Hill 
The deposits again display interbedding of medium-to-fine grained sandstones at Bozbeltepe 
(Fig. 3. 1), but the finest beds are coarse siltstones (Figure 3.72). The coarse-siltstone beds 
are always planar laminated and some show ripples. Grain types can be distinguished in 
occasional coarser layers and include volcanic material, nummulites, limestone and medium-
grained sandstone set in a micritic matrix. 
Upper Part - Kabak Tepe 
The top of the Bozbeltepe Formation is exposed on the north flank of Kabak Tepe. There is 
a conformable relationship to the Kabaktepe Formation above. Fine-grained rocks dominate 
this part of the succession; sandstone is represented by individual beds, 10-15 cm thick, 
interbedded with laminated, thin-bedded mudstones. The sandstone beds are commonly 
separated by several metres of fine-grained sediment. 
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Figure 3.72 - Representative sedimentary log of the Bozbeltepe Formation exposed northeast 
of Bozbeltepe (hill). Grading is more common in these sandstones than in those exposed in the 




Palaeocurrent indicators are common throughout the Bozbeltepe Formation and the 
widespread distribution of the deposits provides a broad picture of sediment dispersal during 
deposition of the Formation. Figure 3.73 displays rose diagrams of palaeocurrents from 
different parts of the Bozbeltepe Formation, readings are from a combination of cross 
lamination, clast imbrication and flute casts. Arrows from the rose diagrams indicate the 
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3.6.1.3. 	Point Counting 
Figures 3.74 and 3.75 shows graphs of grain-type proportions for rocks from the base and the 
mid part of the Bozbeltepe Formation, respectively. 
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Figure 3.74 - Chart of point counting results from sandstones in the lower part of the 
Bozbeltepe Formation. Two samples are shown from the north of the basin (Yenikoy), one 
from the central part (Basmakçi) and one from the south-central part (Caykavak). See Section 
3.1. for definition of categories. 
The point counting data in Figure 3.74 display a contrast between northerly samples of the 
base of the Bozbeltepe Formation (from Yenikoy and Basmakçi) and the sample from the 
caykavak area. The sample from caykavak Pass differs in that there is no quartz present, 
the sample being dominated by limestone. The two samples from the Yenikoy area are 
dominated by quartz, whilst the Basmakçi sample falls somewhere between the two. 
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Figure 3.75 - Chart of point counting results from sandstones in the central part of the 
Bozbeltepe Formation. See Section 3.1. for definition of categories. 
Figure 3.75 shows point-counting data from the mid part of the Bozbeltepe Formation, 
samples from the section south of Aktoprak and from Bozbeltepe are shown. The sandstones 
from the section south of Aktoprak are dominated by limestone grains. This contrasts to the 
sediments from Bozbeltepe, which are dominated by feldspars and lava. These rocks show 
virtually no limestone input, which is somewhat surprising given that limestone is seen north 
of caykavak pass in the lower part of the unit (see above). 
3.6.2. Summary - Subsidence and Clastic Deposition 
The Bozbeltepe Formation conformably overlies the Hasangazi Formation or the Ulukila 
Formation and unconformably overlies the l3olkar Carbonate Platform in the south of the 
basin. 
Lower Part - Yenikoy, Kara GöIu and South of Aktoprak 
At Yenikoy the base of the Bozbeltepe Formation consists of coarse-grained sandstone, often 
containing cross-lamination and other sedimentary structures. Interbeds of conglomerates 
and mudstones are also present. Conglomerates have incised bases and contain large 
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intraclasts as well as material derived from the Ulukila Formation volcanics. Some fine 
grained biomicrites are also present. 
At Kara Gölu the base is marked by a nummulite-rich limestone that is probably related to 
the Hasangazi Formation. Here, the unit is typified by interbeds of planar laminated 
sandstones and mudstones. Thick beds (2-5 m) of sandstone and / or conglomerate are 
separated by 7 to 20 m of partially laminated mudstone. 
South of Aktoprak the base is marked by clastic deposits containing nummulites and is 
interbedded with lava. Volcaniclastic sediments are also seen. 
Mid part - South of Aktoprak, Irrigation Pond and Bozbeltepe 
The mid part of the Bozbeltepc Formation comprises blue-to purple-grey interbeds of 
mudstones, siltstone and sandstone. Current structures are common (i.e. cross-lamination, 
planar lamination, flute casts and ripple marks), whilst load casts exemplify the interbedded 
nature of the deposits. At the Irrigation Pond locality relatively less grading is seen and 
nearby tuff deposits are also seen. 
Upper Part - Kabaktepe 
The upper part is dominated by mudstone with subordinate sandstone interbeds. 
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3.7. UPPER EOCENE - BASIN INFILL AND EVAPORITE DEPOSITION: 
END OF SUBAQUEOUS DEPOSITION 
3.7.1. Kabaktepe Formation - Introduction 
The end of submarine sedimentation in the U1ukila Basin is marked by evaporite deposits 
which crop out extensively in the south of the Ulukila Basin, most notably at Kabak Tepe, 3 
km south-east of the town of Ulukila (Fig. 3.1). Oktay (1973) refers to the evaporites as the 
Zeyvegedii Formation, with a division of Kabak Tepe Member towards the base which 
separates redeposited evaporites from massive anhydrite. The approach here was to treat the 
evaporites as a single unit with Formation status. The following desciption concentrates on 
the outcrop at Kabaktepe, which exhibits the most preserved original structures compared 
with other exposures. 
The Kabaktepe Formation evaporites lie conformably on the Bozbeltepe Member in the 
southern part of the Ulukila Basin and crop out extensively on the northern flank of Kabak 
Tepe. The evaporite sequence is unconformably overlain by Oligo-Miocene fluvial and 
lacustrine deposits (Aktoprak Formation), although this important unconformity is not as 
marked, at Kabak Tepe as in the southern margin and the north of the basin. 
An extensive section through the larger part of the evaporites, (500 m), is seen on the 
northern flank of Kabak Tepe. This section shows that the evaporites are largely redeposited 
in nature, as detailed below. Figure 3.76 provides a composite log section through this unit. 
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Figure 3.76— Composite sedimentary log of the Kabaktepe Formation section at Kabaktepe 
hill. Debris flow deposits are overlain by laminated mudstone, which are in turn overlain by 
redeposited evaporitic material (see also Fig. 3.77). The top of the section is dominated by 
crystalline evaporitic material. 
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3.7.1.1. 	Field Description - Kabak Tepe 
Base of the Section 
The deposits lie conformably upon the Bozbeltepe Member. A concordant relationship is 
observed on the northern flanks of Kabak Tepe, disturbed only by the presence of a large 
debris-flow of altered volcanic material. The debris flow contains small clasts of limestone 
amongst large boulders of volcanic material. A muddy matrix supports these clasts. 
The Evaporite Section 
The base of the section is marked by debris flow deposits consisting largely of reworked, 
well cemented blocks of coarse selenitic gypsum, with minor sandstone and heavily altered 
lava. Clasts of mudstone which contain fossilised reed-like plant material also present are. 
Each debris flow deposit is overlain by interbeds of sandstone (-10cm) and shale (--20cm) 
which, in places, exhibit slump folding. The upper debris flow deposit shows orientation of 
clasts parallel to bedding; clasts are up to 50 cm in diameter and set in an evaporite mudstone 
matrix. 
Above the debris flow deposits there is a change to fine-grained gypsum (Figure 3.78). The 
deposits are well laminated and often graded showing current reworking. The section (Figure 
3.77) shows clear turbidite structures (i.e. grading, cross lamination), although individual 
turbidites rarely show complete Bouma sequences. In some of the gravel bases of the 
turbidites reworked nummulites are suspended in the sediment. Figure 3.79 shows folding in 
the evaporites, which is usually restricted to layers several m's thick and is not continuous 
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Figure 3.77— Sedimentary log from the mid part of the Kabaktepe Formation at Kabak tepe, 
exhibiting the graded nature of beds of redeposited gypsum. 
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Figure 3.78 Reds of redeposited gypsum(see also Fig. $ 	in the midpart of the Kahak 
tepe section ( Kahaktepe formation) showing strong lamination brought out by differential 
recrvstaIlianon of the beds. (Hammer for scale, white box)!-  
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Figure 3.79 - Slump(?) folding in the redeposited gypsum beds from the mid part of the 
Kabaktepe Formation (whistle for scale, white box, Kabak tepe section). The slump folding is 
restricted to a zone 4-5 m thick around the part shown in the photograph. 
Above the turbidites, evaporite deposition is restricted to fine-grained, laminated, alabastrine 
gypsum. This part of the section is divided into two parts. In the lower part laminations are 
continuous on an outcrop scale except where interrupted by the presence of boulder-sized 
clasts and rafts of other laminates. In the upper part there are no large clasts and laminated 
deposition continues uninterrupted for 20 m. Turbidite deposition returns for a 15 m section 
and then the laminated material dominates once more for 30 m. The turbidites clearly show 
current reworking in the form of cross-lamination and ripple structures as well as distinct 




1962) are present. Minor siliceous sand beds are present in the section, although, these only 
make up a small percentage of the unit. 
The upper central part of the Kabaktepe Evaporite Member is a thick section of structureless 
fine alabastrine gypsum. This part of the section is massive and displays no bedding for over 
200 m. The section appears to be very homogenous and there is little or no siliceous or 
carbonate input present. 
Top of the section 
Above the massive unit there is a change to selenitic gypsum. Well cleaved crystals, locally 
oriented in pairs form chevron patterns and very rough "swallowtails" (Figure 3.80). 
However, overall there is no apparent preferential growth direction. The selenite forms 
craggy outcrops on the side of Kabak Tepe, representing part of a continuous unit across the 










Figure 3.80 Chevron "swallowtail" scienitic gypsum near the top of the Kahaktepe 
Formation Kahak teN section, pen for scale).  
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The top of the evaporite is marked by nodular gypsum bound by a sandy matrix, which often 
forms vertical stringers ("chicken-wire" structures, Figure 3.81). The section is clearly 
layered into beds approximately 20 cm thick. 
Figure 3.81 - Crystalline gypsum layers interbedded with thin niudstone layers at the top of 
the Kabaktepe Formation (Kabak tepe section). The gypsum layers exhibit sub-vertical mud 
"stringers" partitioning the layers from top to bottom. These structures may indicate 
deposition in a sabkha-type environment. 
The well-formed selenite crystals in "card pack" and nodular forms are overlain 
unconformably by Oligo-Miocene sandstones. The unconformity is not strongly developed 
at Kabaktepe and there is little angular discordance. 
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3.7.1.2. 	X-ray Diffraction Analysis 
Samples from throughout the Kabaktepe Formation were analysed by XRD at The 
University of Edinburgh in order to establish the mineralogy. Table 3.3 displays the sites at 
which samples were taken and the primary results. 
Sample No. Locality (- m's 
from base of 
section) 
Part of succession / 
Evaporite type 
Mineralogical content 
MC99/36 K 	250+ in Aktoprak Formation Calcite, Feldspar, Biotite, 
Quartz 
MC9913 A 	250+ in Aktoprak Formation Calcite, Feldspar, Biotite, 
Quartz 
MC99/14 B 	150 in Selenite Gypsum 
MC99/ 15 A (Main Massive crystalline Anhydrite 
Quarry) 
MC99113 K 	135 m Massive crystalline Anhydrite 
MC99/12 95 in Turbiditic deposits Gypsum 
MC99/1 1 T 	90 in Turbiditic deposits Gypsum 
(slump horizon) 
MC9919 E 	85 m Sandstone horizon Gypsum 
MC9918 P 70 in Laminated mudstone Gypsum 
MC99/7 E 	30 in Debris-flow material Gypsum 
MC99/35 3 in Mudstone at base Gypsum 
MC98/41 Kabak Tepe Top Bozbeltepe Fm. Calcite, Feldspar, Biotite, 
(north flank) Quartz 
MCOO/23 Ermirler Massive crystalline Gypsum 
MCOO/24 North of Gilmti§ Massive crystalline Gypsum 
Table 3.3 - Table displaying the samples of evaporite used for XRD analysis. The majority 
are from the Kabak Tepe locality (Fig. 3.1) including samples of Bozbeltepe Formation and 
Aktoprak Formation, below and above the Kabaktepe Formation respectively. Other sampling 
sites were at Ermirler and an outcrop north of GumU, where only massive crystalline gypsum 
crops out. 
Most samples consist entirely of gypsum, apart from the massive crystalline unit toward the 
top of the section, which is largely anhydrite. This probably occurred as the result of 
dehydration during diagenesis and remobilisation. The resultant massive nature of this part 
of the section could have inhibited meteoric water during uplift, which prevents any 
opportunity for rehydration and reversion back to gypsum. 
Another notable feature is the presence of calcite in the gypsum turbidites. This may reflect 
the reworking of older sediment at the basin edges along with the penecontemporaneous 
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gypsum. Alternatively, this may display the marine nature of the basin, however, this seems 
unlikely as calcite is not present in the laminated sections, indicative of quieter deposition. 
The mineralogy of the rocks above and below the Kabaktepe Formation also provides 
information about the basin history. The samples from the Bozbeltepe Member from the 
contact and the sandstones from within the basal debris flow unit contain no evaporite. This 
would suggest that clastic sedimentation continued uninterrupted in the centre of the basin 
whilst evaporites formed at the margins, sourcing the debris flow and deposits. 
3.7.2. Summary - Basin Infill and Evaporite Deposition 
The Kabaktepe Formation is a succession of evaporites deposits, conformable on the 
Bozbeltepe Formation. A combination of massive recrystallised evapontes and sections 
where the primary structures are preserved (exhibiting redeposited nature) is seen. The 
structured section at Kabaktepe starts with breccias and changes upwards to graded 
sandstones, mudstones and a massive crystalline section. The top is marked by 
"swallowtail" selenite and possible "sabkha" deposits containing nodular gypsum and 
vertical mud "stringers". 
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3.8. POST EOCENE - CONTINENTAL SEDIMENTATION 
3.8.1. Introduction - Aktoprak Formation 
As mentioned above, the top of the Kabaktepe Formation is marked by a variable angular 
unconformity; in the centre of the basin (e.g. at Kabaktepe) the unconformity has a shallow 
angle (<50) whereas at the basin margins in the south (near Ermirler, Fig. 3.1) and in the 
north of the basin the angle is much greater (>30°). In the north of the basin the 
unconformity cuts down to the level of the Ulukila Formation. Above this unconformity 
there is a stark change from marine-dominated to continental sedimentation, which 
apparently marks the end of basinal sedimentation. These rocks are covered in some detail 
in the thesis of Noah Jaffey (Jaffey 200 1) and are only outlined briefly below. 
3.8.2. Field description 
At Kabak Tepe in the south-central part of the basin red and green sandstones of the 
Aktoprak Formation overlie evaporites of the Kabaktepe Formation. The lowest deposits are 
red calcareous sandstone. These sandstones contain clasts of evaporite material and the very 
base of the section is marked by a conglomerate containing pebbles and boulders of 
evaporite. Up section the sandstones are partially laminated with interbeds of red and green 
sandstone. Ripples are present in some beds and are occasionally exposed on the tops of 
bedding surfaces. 
Further west, on the road from Ulukila to Aktoprak, sandstones overlying the Kabaktepe 
Formation are medium-to fine-grained with a calcareous mud matrix; mudstone partings are 
commonly present between the sandstone beds. Symmetrical wave ripples are also present. 
Up-section the rocks change to fine-grained calcareous mudstones containing microbial 
material and ostracods (Jaffey 1999). 
The basal contact of the Aktoprak Formation with the Kabaktepe Formation is also seen just 
south of cat Mah village in the west of the Ulukila Basin, representing the northern fringe 
of the Aktoprak sub-basin. At this locality the evaporites are very thin and strongly 
deformed. The clastic sediments of the Aktoprak display a gentle dip towards the south, into 
the Aktoprak sub-basin. The sandstones of the Aktoprak Formation are medium-to coarse-
grained and are cut by channelised conglomerate bodies (Figure 3.82). Interbeds of "chalky" 





Figure 3.82 Medium-bedded sandstones of the Aktoprak Formation near Cat Mail village, 
with hammer for scale. Bed-scale cross bedding is seen in the bed shown in the lower half of 
the photo (red lines). The top of this bed is truncated by a channelised conglomerate bed in the 
bottom right corner of the photo (outlined in blue). 
The southern margin of the Aktoprak Sub-basin is observed at the village of Ermirler. The 
evaporite there comprises vertically bedded, crystalline evaporite. The base of the Aktoprak 
Formation is marked by a very coarse conglomerate bed containing clasts of limestone (dark, 
fine-grained, probably recrystallised), gypsum, fine-grained sandstones, nummulitic 
limestone, pink pelagic limestone and some rare clasts of ophiolitic origin (i.e. red chert 
grains & green chioritic clasts). The dark limestone clasts dominate and probably originate 
from the Bolkar Carbonate Platform. The clasts are very round, poorly sorted and 
imbricated, all elongate clasts are deposited bedding parallel in a clear preferential trend 
around 3100  (Figure 3.83). Mostly the conglomerate is clast supported, although some parts 
are matrix supported. The matrix has a similar composition as the clast distribution, 
although there is a greater amount of poorly sorted, angular, ophiolite-derived material with 
reworked nummulites. 
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Figure 3.83 - Basal conglomerate of the Aktoprak Formation exposed north of Emirler 
village. (Compass for scale). 
Up section the conglomerate grades into a thin layer of red terrestrial coarse sand, with a 
similar polymict nature to the conglomerate. Even further up section there is a stromatolitic 
and oncolithic limestone bed (Figure 3.84). Some interbeds of sandstone comprise entirely 
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Figure 3.84 - Microbial limestone in the Aktoprak Formation up section from the 
conglomerate in Figure 3.83 (north of Ermirler village). The limestone exhibits microbial mats 
in the centre bottom of the photo. In the left of the photo a large microbial oncolith is seen 
(pen for scale). 
3.8.3. Summary - Continental Sedimentation 
The Aktoprak Formation lies above a variable unconformity, with a small angular 
discordance in the centre of the basin and a greater angle nearer the margins. At Kabaktepe, 
the base is marked by red and green sandstones, with re-worked evaporite material in a 
carbonate matrix. Freshwater ostracods are seen in lacustrine limestones higher up (Jaffey 
pers. comm. 1999). In the south of the basin the base is marked by coarse conglomerates 
and in the west of the basin, near cat Mah, the unit comprises fluvial sandstones incised by 
channelised conglomerates. 
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CHAPTER 4. BASIN ANALYSIS 
4.1. FACIES ANALYSIS OF THE ULUKILA BASIN 
In this section the data from field descriptions (Chapter 3) and the petrography (Appendix 2) 
will be integrated to establish the facies and facies associations of the formations in the 
Ulukila Basin lithostratigraphy. This will provide the basis for reconstruction of the basin 
history, later in the chapter. Assigning facies to the formations also gives some constraints 
to water depths in the basin, to be used in construction of subsidence curves (Section 4.5.). 
4.1.1. ciftehan Unit 
The ciftehan Unit is included with the Alihoca Ophiolitic Mélange; however, it is a 
sedimentary rock unit and is thus included here. The unit comprises pink, very fine-grained 
limestones and is assigned to a deep-water pelagic facies. 
The limestones of the çiftehan Unit exhibit the main features of deep-water sediments, 
including consistent fine grain-size, well- developed bedding, laterally persistent lamination 
and the presence of planktonic fossils (Stanley 1983; Khan & Kelling 1991). In thin section, 
some of these features are confirmed (Appendix 2, Samples - MC99/24, MC99125 & 
MC98145). The observed fossil content comprises entirely planktonic foraminifera, notably 
Globotruncana species, which are common in pelagic sediments of the Late Maastrichtian 
(Sartorio & Venturini 1988). In contrast sample MC98/45 is a radiolarian-rich mudstone. 
The lack of any observed benthic foraminifera is suggestive of a water depth greater than 
200 in (Brasier 1980) and is generally accepted as indicative of bathyal deposition. The 
relatively large proportion of opaque oxides present in some samples may be indicative of a 
high iron content of possible hydrothermal origin. The thin volcaniclastic layers observed 
near the base of the sequence may represent redeposition of ophiolite-derived material. This 
association is seen in pelagic-limestone cover of the Oman ophiolite (Robertson & Fleet 
1986). 
4.1.2. Aktatepe Formation 
The Aktatepe Formation comprises limestones, usually bioclastic, overlying a clastic 
sandstone and conglomerate-dominated section. For the reasons outlined below the 
Formation as a whole is assigned to a transgressive shallow-marine facies. 
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The succession of rocks of the Aktatepe Formation, as seen at Akta§ Tepe itself, is briefly 
summarised in Figure 4.1. In general the deposits consist of basal clastics overlain by 
limestones. The majority of the limestones are foraminiferal biomicrites; however, within 
the lower half the limestone succession a horizon of bio-intraspante rich in microbial 
material is also seen. 
II 	I j 	Limestone 























Figure 4.1 - Summary log of the Aktatepe Formation, as seen at Akta§ Tepe. Approximate 
position of thin sections samples in Appendix 2 are shown. 
The clastic base of the succession, including clast-supported conglomerate, is suggestive of 
high current activity and rapid transport of material. However, the petrography (Appendix 2, 
Sample MCOO/42) suggests limited transport due to the poor sorting of the sandstones and 
the angular to sub-rounded state of grains. The presence of quartz and clay was suggestive 
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of a terrestrial origin. The change to marine limestone above suggests that the clastic deposit 
represents near-shore process; (clastic deposits at the base of the Aktatepe Formation are 
discussed in more detail in the Kalkankaya Member section below). 
The section is dominated by poorly bedded biomicrite consisting of 50-60 % benthic 
foraminifera, which are dominated by miliolinids (1-2 mm sized, Appendix 2, Sample 
MCOO/37). There is also a small amount of microbial material and the bioclasts are set in a 
micrite matrix. The fauna consists entirely of miliolinids, which is indicative of a lagoonal 
or open-shelf environment (Sartorio & Venturini 1988). The generally restricted fauna may 
be suggestive of a lagoonal environment and the micritic nature of the rock may be 
indicative of relatively quiet-water deposition in such a setting (Boggs 1995). 
The presence of an inferred lagoonal setting suggests that some barrier system exists, which 
could account for the microbial bio-intraspante horizon in the lower part of the succession. 
This deposit is clearly indicative of higher energy conditions, due to the fragmental nature of 
the bioclastic material present (Appendix 2, Sample MCOO/38) and the reworking of 
carbonate material. The rock contains oncoliths and broken microbial mats, fragmental 
coral, shells and echinoid debris and both benthic and planktonic foraminifera, as well as 
intraclasts of limestone. This horizon may thus represent deposits flanking the barrier, most 
likely on the inner-shore side due to the medium-to fine-grained nature of the deposits, 
(Wilson 1975). 
The Aktastepe Formation comprises a barriered lagoonal setting, although there is no direct 
evidence of the nature of the barrier; thus, it is difficult to assign the formation to a specific 
setting such as a well established coral reef barrier system like the Golden Lane "atoll" in the 
Cretaceous of northern Mexico (Fig. 4.2, Wilson 1975; Sellwood 1978). However, some of 
the facies described in such a setting appear appropriate to the Aktatepe Formation, such as 
bioclastic limestones containing microbial material and foraminifera flanking the reef and 
the inner shelf comprising thin-to medium-bedded micrites, which further inshore contain 
only miliolid foraminifera (Figure 4.2). 
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Figure 4.2 - Generalised facies of Middle Cretaceous carbonate build-up in northern Mexico (Wilson 1975; Sellwood 1978). 
Alternative settings include an indented shoreline resulting from irregular emplacement of 
the ophiolite, variable shoreline morphology or a sand barrier. As stated above there is no 
direct evidence as to the barrier nature, although perhaps these more local settings are more 
approriate than that of a well established reef system give the size and thickness of the 
formation. A comparable example may be the late Palaeocene Jafliayn Limestone Formation 
in Oman (Nolan et al. 1990) in which shallow-water limestones include both high-energy 
and low-energy facies in an equivalent stratigraphic thickness ('-S  120 m) to the Aktatepe 
Formation. 
In summary, the type section of the Aktatepe Formation can be interpreted as a shallow 
marine facies, with a lagoonal or a protected quiescent zone specifically preserved. The 
basal part is interpreted as either a terrestrial or very near-shore deposit resulting from clastic 
input into the inner zone of the shelf. 
Kalkankaya Member 
Given the proximity of Kalkankaya Tepe and Akta Tepe (Fig. 3. 1), it is not surprising that 
there are some similarities between the deposits described above and the Kalkankaya 
Member (Section 3.3.2.). Thus, the facies described above may be taken into consideration 
when interpreting the succession seen at Kalkankaya Tepe. Figure 4.3 gives a simplified 
overview of the succession of the Kalkankaya Member. 
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Figure 4.3 - Simplified log of the Kalkankaya Member succession at Kalkankaya Tepe. 
Approximate position of thin sections samples in Appendix 2 are shown. 
In general, the lower part of the Kalkankaya Member comprises well-bedded, planar-
laminated, brown-to-red sandstones, interrupted by channelised conglomerates and 
pebblestones and occasional breccias (Section 3.3.2.). The conglomerates show some 
grading at the top but there is no grading of the sandstones. The average grain-size fines 
from coarse to medium upwards through the clastic succession. Petrographic study 
(Appendix 2, Samples MC99/23 & MC00123) shows the sandstones to comprise well-
rounded grains set in a calcite spar cement. There is also a red, to brown, coating on the 
grains, which presumably gives the rock its colour. 
These deposits lack any visible fauna and, other than planar lamination, also lack 
sedimentary structures. The coarse grade of material suggests a high-energy environment. 
The incision of conglomerates and pebblestones into sandstones is suggestive of channel 
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deposits. As such, the deposits might be considered to be fluvial in origin. However, the 
close (vertical) proximity of well-established marine carbonate sedimentation (see below) 
suggests that the deposits are marginal-marine rather than fluvial. They are thus interpreted 
as fluvial outflow deposits into a shallow-marine environment. 
The deposits could be interpreted as part of a classical deltaic sequence, although this is 
difficult to confirm, as no other delta-like successions are present (e.g dipping foreset 
sandstone, overbank deposits etc). The succession seems most like braided-channel deposits 
and thus may represent one of the following; Upper delta facies (Table 4.1) of a fan delta; 
the topset of a Gilbert-type delta (Fig. 4.4); or an alluvial braid-plain delta. 
Upper delta plain 
Migratory channel deposits - braided-channel and 
meandering channel deposits 
Lacustrine delta-fill and floodplain deposits 
Lower delta plain 
Bay-fill deposits (interdistributary bay, crevasse 
splay, natural levee, marsh) 
Abandoned distributary-fill deposits 
Subaqueous delta plain 
Distributary-mouth bar deposits (prodelta distal bar, 
distributary—mouth bar) 
River-mouth tidal range deposits 
Subaqueous slump deposits 
Prodelta 
Seafloor seaward of the subaqueous delta 
Table 4.1 - Principle categories of delta facies (Coleman & Prior 1982). 
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Bottomset - gently 
inclined fine-grained 
sediments 
Forset - beds of sand 
and gravel dipping at 
1O-25 
Topset - essentially 
flat-lying gravels 
Topset Foreset Bottomset 
B 
Figure 4.4 - The vertical succession in a progradmg Gilbert-type delta, with topset consisting 
of flat lying, coarse-grained deposits, including "lens-shaped" gravel deposits (Boggs 1995). 
As seen above (Aktatepe Formation section), interpretation as part of a large-scale classical 
depositional sequence seems inappropriate when looking at these relatively local, thin 
deposits. A more comparable sequence is described by McCallum & Robertson (1995) in 
the Mesaoria Basin, Cyprus. Here fining-up, channelised conglomerates and planar-
stratified sandstones (Facies 2, McCallum & Robertson 1995) of the Early Pliocene, lower 
part of the Nicosia Formation are interpreted as filling channels developed in the subaqueous 
toes of small, very coarse-grained deltas. The rapid deposition in channelised bodies is 
envisaged to occur as a result of the rapid subsidence of the margin under normal faulting 
(related to uplift of the Troodos Massif, Fig. 4.5). The clastic deposits of the Nicosia 
Formation are overlain by calcareous siltstones and shallow-marine sandstones, which is also 
the case for the Kalkankaya Member (see below). A similar process of deposition is 
envisaged by Prior & Bomhold (1990) for the deposition of Holocene fan deltas in steep 
sided fjords, where turbidity currents scour channels which are subsequently infilled by very 
coarse-grained clastic sediments. 
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Figure 4.5 - Schematic block diagram showing the depositional setting of the lower part of the 
Nicosia Formation (McCallum & Robertson 1995), which may be analagous to the Kalkankaya 
Member in the U1ukila Basin. Channelised sandstones and conglomerates may be equivalent 
to the lower part of the Kalkankaya Member. 
The upper part of the Kalkankaya Member comprises limestones of two general types, a 
lower unit of bioclastic limestones and upper unit of micrite mudstones (Fig. 4.3, Section 
3.3.2.). 
The medium-bedded bioclastic limestones contain bivalves, gastropods, benthic foraminifera 
and microbial carbonate mats. The mats are usually fragmental, not longer than a few 
centimetres. Some of the beds are calcarenites. In thin section (Appendix 2, Sample 
MC00122) the forarninifera are again dominated be miliolinid - species. Other fauna include 
echinoid fragments. In thin section grapestones are seen (Illing 1954), in which micritic 
carbonate binds small particles, including benthic foraminifera, spines and calcite crystals. 
Often the particles have a microbial carbonate crust. Grapestones occur in sheltered areas 
behind ooids shoals (Reading 1996). The 'inner zone' represents an area of high carbonate 
production and restricted circulation, populated by many 'normal-marine low-tolerance' 
organisms (Boggs 1995). As at Akta§ Tepe (above), miliolinid species dominate the 
foraminifera in a high-volume low-diversity assemblage reflective of environmental stresses, 
which may indicate restricted circulation in a stable marine setting. Background 
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sedimentation was fine-grained, hence the presence of micrite between grains. Disrupted 
microbial mats and shell beds may indicate storm activity (Siringan & Anderson 1994), 
which may in turn be linked to the calcarenite beds seen. However, the calcarenite beds 
could also represent outflow from tidal channels in the barrier system. Given the above, this 
part of the section is interpreted as 'inner zone' middle shelf facies. 
The upper part of the Kalkankaya Member consists of very fine-grained, medium-bedded 
mudstones (Fig 4.3) lacking preserved macrofauna. These contrast strongly with the 
bioclastic limestones in the lower part of the limestones. The fine-grained deposits are 
interpreted as a deeper setting below storm-wave base due to the well-bedded fine-grained 
nature. The lack of macrofossils and bioturbation (which may represent deposition in the 
oxygen minimum zone) and the presence of only planktonic foraminifera (Section 3.3.2) 
suggest that a shelf origin is less likely (Brasier 1980). 
In summary the Kalkankaya Member represents three facies, which indicate an increase in 
water depth up section: 
• Top most mudstones - sub storm wave base setting 
Upper bioclastic limestones - 'inner zone' middle shelf 
• Lower clastic part - channelised-margin input (delta-toes?) 
Guneydai Member 
Figure 4.6 is a simplified log of the Guneydagi Member, displaying a basal conglomerate, a 
dominant well-bedded limestone section and a calcarenite top (Section 3.3.3.). The 
Guneydagi Member lies to the west of the Kalkankaya Member and the Aktatepe Formation 
type section, but is considered to be part of the same formation and, therefore, a lateral 
equivalent of these units. 
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Figure 4.6 - Simplified log of the Guneydai Member. Approximate position of thin 
sections samples in Appendix 2 are shown. 
The base of the GUneydagi Member is marked by a clast-supported limestone conglomerate 
with well-rounded pebbles up to 20 cm in size. The pebbles are randomly oriented and the 
conglomerate lacks any internal structure. It is difficult to establish a definitive 
interpretation for this part of the sequence. A shingle-beach facies is an option, but clast 
imbrication would be expected if this were the case. Also, this conglomerate lacks any 
internal structure and is overlain by relatively deep-water sediments (see below), discounting 
this possibility. It is more likely that the conglomerate developed as a result of a debris-flow 
or other mass transport processes (Eaton & Robertson 1993; Miller & Heller 1994). As such 
the base of the Guneydagi Member is assigned a carbonate conglomerate facies. Clast-rich 
carbonate conglomerates are described in the Mesaoria Basin (see above) in association with 
the deposits comparable to clastic part of the Kalkankaya Member (McCallum & Robertson 
,zIIl 
1995; sedimentary clast-rich conglomerates of Figure 4.3). Overall, this setting is considered 
transgressive. 
The main part of the Guneydai Member comprises well-bedded limestones, which appear to 
be recrystallised. In thin section (Appendix 2, Sample MC99/7913) the rock is identified as 
biosparite / grainstone. The bioclasts include bryozoans, gastropods, echinoid fragments, 
ostracods and coral, all of which are fragmental. Microbial material and crinoids are also 
present (Fig. 3.13, Section 3.3.3.). The deposits are interpreted as carbonate-slope facies, 
although perhaps still affected by storm waves, or down-slope mechanisms transporting and 
disaggregating the bioclastic material. 
The top of the Guneydagi Member is dominated by rocks described in the field description 
(Section 3.3.3.) as calcarenites; however, thin section study (Appendix 2, Samples MCOO/48 
& MC99/75) reveals that the rocks are dolomites. The first sample largely comprises 
dolomite, whereas the second also contains some limestone intraclasts, chambered bioclasts, 
micritic limestones and quartz. Dolomitisation occurs as a result of many processes, both 
depositional and during diagenesis (Tucker 2001). Investigation of the formation of 
dolomite here was beyond the scope of this project. 
In summary, the Guneydagi Member appears to represent a carbonate-slope facies of 
moderate depth (>100 m) with some down-slope activity recorded in the presence of mass-
flow conglomerates and reworked carbonate material. 
Omerli Member 
The Omerli Member comprises largely graded calcarenite deposits with an upper section of 
well-bedded fine-grained mudstone. A simplified log is given in Figure 4.7. 
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Figure 4.7– Simplified log of the Omerli Member. Approximate position of thin sections 
samples in Appendix 2 are shown. 
The calcarenite deposits of the Omerli Member exhibit well-developed grading, usually from 
coarse sandstone to mudstone. The upper part of these graded packets are typically planar 
laminated. Throughout the section evidence of current reworking is common in the form of 
cross-lamination, rip-up clasts and ripple structures. Convolute lamination is seen 
throughout the section and is interpreted to represent either the result of fluid-escape (Allen 
1982; Selley 1988) or deposition in the lower part of the upper-flow regime resulting from 
the shear-stress of the overlying flow acting on (Allen 1982; SeIley 1988). In either option, 
convolute lamination (Allen 1982; Selley 1988; Boggs 1995) and the other structures present 
(i.e. grading, planar lamination of the silt-and mud-grade material and cross-lamination in 
fine-sand-grade) are typical of deposition by turbidity currents (Bouma 1962). Convolute 
lamination is typically apparent in the very fine sandstone and coarse siltstone parts of 
turbidites (Allen 1982). The graded packets present in the Omerli Member represent E to A 
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divisions of the Bouma sequence (Figure 4.8), although not each packet preserves all 
sections of the sequence. In some beds the basal layer (A from Bouma sequence) consists 
almost entirely of rip-up clasts. A notable diversion from the classic Bouma sequence is the 
lack of observed sole marks. The calciturbidites of the Pakhna Formation in Cyprus also 
rarely exhibit sole structures (Robertson 1976, Eaton 1987), which could be related to grain 
density (Robertson 1976). 
The presence of subordinate conglomerates in the upper part of the Omerli Member is 
suggestive of limited feeder channels and therefore the lower part of the Omerli Member is 
interpreted as proximal-mid distal turbidite facies (Reading 1986). 
Gravel 	Sand ....... Silt 
I..I.—.CIav BOUMAUNIT 
E. Laminated mud 
D. Laminates silt - 
sand 
--_, C Cross laminatec 
sand 
B. Laminated sand 
A Massive Sand 
INTERPRETATION 
Suspension settling 	I Pelagic shale 
t 
flow reg i me 	 Turbidite 
sand unit 
Plane bed 
Upper flow regim 
Pelagic shale 
Figure 4.8– Classic Bouma sequence deposited by turbidity currents (from Reading 1986, 
after Bouma 1962). 
The upper part of the Omerli Member comprises thick-bedded micnte mudstone with 
planktonic foraminifera (Appendix 2, Sample MC99/57 & MC99/97) and small amounts of 
shell fragments. The foraminiferal content, entirely planktonic, suggests that the deposits are 
basinal (Brasier 1980); however, the presence of bioclastic material suggests the input from 
the shelf continued. Thus, this part of the succession is attributed to low-density turbidite 
facies, rather than true pelagic basinal sedimentation. 
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4.1.3. Halkapunar Formation 
Western Section (cakillar to Biter Da) 
The Halkapinar Formation succession in the west of the U1ukila Basin was described in 
Section 3.4.1 with a detailed account of a roughly 2000 rn-thick section from the çakillar 
area to Biter Dag (Figure 3.1). Figure 4.9 provides a summary log of the succession, which 
begins with very-coarse conglomerates, and continues with graded clastic deposits and 
volcanogenic rocks. 
2000- I 	I Limestone 
Volcaniclastics,  
pillow lavas and 
VIC99/89, 	 I-i 
limestone MC 99/87 
& MC99/85)  Interbedded 
sandstonc& 
mud stone 
Pillow lavas 	Lh;1 Very coarse 
1 ()()- 
volcaniclastics I conglomerate 
Interbedded graveistone, 
sandstone and mudstone 
with current structures 
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. fmcc 
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Figure 4.9 .9- Summary log of the Halkapinar Formation in the west of the U1ukiIa Basin. 
Approximate position of thin sections samples in Appendix 2 are shown. 
Conglomerates at the base of the section are very coarse, with well-rounded, boulder-sized 
clasts up to a metre in diameter. The conglomerates are, in general, matrix supported, but 
do, however, exhibit normal grading. These deposits are interpreted as mass-transport 
deposits, probably debris-flow deposits due to the large grain-size, matrix support and poorly 
defined grading (Reading 1996); however, the deposits may, in parts, represent "coarse-
grained turbidites" (Fig. 4.11, Stow 1985). Up section the rocks change to interbedded 
sandstones and pebblestones. The pebblestones are laterally persistent and show no evidence 
of channelisation; however, channelised gravelstones are incised into the sandstones. The 
sandstones are typically homogenous and free of current structures; this may be the result of 
bioturbation, as evidenced by vertical-burrows in the sandstone beds. Up section, medium-to 
fine-grained sandstones, grading to mudstones, dominate. The mudstone exhibits planar 
lamination, whereas the finer grained sandstones typically exhibit low-angle planar cross-
lamination. Horizontal and vertical burrows are present. The succession is interrupted by 
channelised conglomerate. 
The lower half of the Halkapinar Formation is interpreted as a high-density turbidite facies. 
The proximal deposits are represented by very-coarse deposition at the base with coarse 
conglomerates and sheet-like sandstone and pebblestone deposits. The proximal-to mid-
distal parts are represented by well-established turbidite deposits, exhibiting grading and 
internal sedimentary structures. The features outlined above for the Omerli Member are 
again seen; however, many more trace fossils are present, notably vertical escape burrows, 
which are typical of turbidite deposits (Stow 1986). The graded packets commonly include 
the upper part of the A division and the C and D divisions of Bouma sequences, (Fig. 4.9). 
Early discussion on the depositional setting of turbidites concentrated on submarine fan 
models (Mutti & Ricci-Lucchi 1972; Walker 1978; Normark 1978; Fig. 4.10). However, 
extensive research on turbidites in the mid-1980's (Mufti 1985; Stow 1985, 1986, Mutti & 
Normark 1987) and subsequently (Stow etal. 1996) has left the submarine-fan model largely 
obsolete (Miall 2000). The depositional setting of the Halkapinar Formation turbidites is 
discussed below; however, at this stage the deposits are envisaged as deposited on turbidite-
dominated slope with debris-flow deposits shed off the higher areas, perhaps as a result of 
fault induced oversteepening. 
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Figure 4.10— Submarine fan systems, dominated by turbidity current deposition (after 
Normark 1978). This classic model shows channelised supra fan lobes in the mid part of a 
turbidite dominated fan system. Models of this type are now considered inapplicable to many 
settings. 
The central part of the western section of the Halkapinar Formation is dominated by volcanic 
deposits, primarily, vesicular pillow lavas and pillow lava breccia, where small pillows are 
disaggregated after quench fragmentation and were probably re-worked by gravity, 
suggesting deposition on a slope (Corcoran 2000). Alternatively, pillow breccia may 
represent flow-front deposits (Corcoran 2000), although this seems unlikely here as lava 
flows are not seen above. McPhie (1995) suggests that only small distances of transport are 
involved in formation of pillow breccias. The interstitial material is primarily micritic 
limestone; however, fossiliferous calcarenite are also interbedded with the volcanogenic 
deposits. Thin sections (Appendix 2, Samples MC99/85 & MC99187) reveal that these are 
actually biomicrite packstones, and consist of> 90 % bioclastic material, largely fragmental. 
The faunal content is diverse and includes re-worked microbial material. Foraminifera 
present are a roughly even distribution of planktic and benthic species. Sample MC99/89 is 
a typical sandstone from the section and contains dominantly lava grains set in a carbonate 
cement. Some carbonate material is also preserved. 
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McPhie (1995) and Corcoran (2000) both describe quite large volcanic seamounts, according 
to Cas & Wright (1987) seamounts are generally < 10 —25 km in diameter, and they assign 
pillow breccias to a seamount flank facies. Staudigel & Schminke (1984) report pillow 
extrusion as common in the early "deep water stage" of submarine volcano development. 
The deposits described here are relatively small and probably locally controlled. With this in 
mind the mid part of the Halkapinar Formation is assigned a pillow lava-mound flank 
facies, in which contemporaneous volcanic material is reworked in a hemi-pelagic zone, 
resulting in micritic interstitial material. The biomicrites represent down-slope reworking of 
carbonate, which was probably still sourced from the shelf. An alternative interpretation is 
that the carbonate was sourced from a volcanic high where shallow-water deposits could be 
deposited; however, given the small size of the volcanic build-ups this seems unlikely. In 
general, water-depth may have been relatively shallow (i.e. not abyssal, but slope), as 
suggested by vesicular nature of pillow lavas (Moore and Schilling 1973; McPhie 1995) and 
the even distribution of planktonic and benthic foraminifera (Brasier 1980). 
The upper part of the formation comprises graded packets from gravelstone to mudstone, 
exhibiting convolute lamination, ripples, planar cross-lamination and trough cross-
lamination in the sandstones and planar lamination in the mudstones. The graded clastics are 
frequently incised by channelised conglomerates. The sediments represent a well-
established turbidite system with many features of the classic Bouma sequence (Bouma 
1962; Fig. 4.9) in "classical medium-grained" type turbidites (Fig. 4.11; Stow 1985). These 
rocks are assigned to a basin floor setting at the base of an active slope setting, due to the 
inclusion of very coarse sandstones and the continued action of distributary channels. 
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Figure 4.11 - Turbidite deposit types, adapted from Stow (1985). Typical facies models are 
shown for three types of turbidite and further division schemes are given. The scale bars 
display only typically unit thickness and may vary considerably in practice. The coarse-
grained turbidite facies model may be an appropriate interpretation for the lower part of the 
Halkapmar Formation in the west of the basin. 
In summary the western section of the Halkapinar Formation comprises an upward-
deepening system, as evidenced by a change from upper slope facies to a well established 
basin floor turbidite system. The sequence is interrupted by the onset of volcanism 
evidenced by pillow lava-mound flank facies. 
GUmU§ Village Section 
The Halkapinar Formation in the east of the Ulukila Basin contrasts significantly to the 
west, as seen in the field description (Section 3.4.1.). Figure 4.12 is a summary log of the 
Halkapinar Formation to the east of Giirni!§ village (Fig. 3.1 .). 
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Figure 4.12— Summary log of the Halkapinar Formation succession near Gfimii§ village. 
Approximate position of thin sections samples in Appendix 2 are shown. 
The most significant contrast between the east and west successions of the Halkapinar 
Formation is seen at the base of the section. In the west the lowest rocks are very coarse 
conglomerates (as detailed above), whereas in the east, the first parts of the Halkapinar 
Formation comprise well-bedded mans and micritic mudstones. A thin section (Appendix 2, 
Sample 98/14) reveals a wackestone with a large amount of microbial carbonate, mostly as 
oncoliths, but also with microbial carbonate encrusting the bioclastic content; this comprises 
coral, echinoid fragments and a few foraminifera. The grains are poorly sorted with grain- 
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size varying from 6 mm to sub-mm sizes. The limestones pass up into graded packets of 
medium-to fine-grained sandstone and rnudstone, with turbidite features (e.g. cross 
lamination, planar lamination of fine sediments). The succession is interrupted by a clast-
supported limestone breccia consisting of poorly-sorted angular clasts of limestone up to 
boulder sized (some boulders >10 m). The horizon is graded overall and has a large lateral 
extent however, in some parts the units thins to individual boulders set in the background of 
micrite. The thin sections from this horizon (Appendix 2, Samples MC98/35 & MCOO/8A) 
again display a large proportion of microbial carbonate and bioclastic material including 
corals, although the bioclasts are here set in sparite rather than micrite. MCOO/8A is a 
lithomicrite, which comprises redeposited limestone set in a micrite. Background 
sedimentation continues with packets of graded clastics but also include calcarenite horizons 
rich in gastropod fossils. 
The deposit displays many of the features of megabreccias described by Drzewiecki & Simo 
(2002) from the Late Cretaceous of the southern Pyrenees. Drzewiecki & Simo (2002) relate 
such deposits to rock-fall and debris-fall processes, and possibly debris flow activity, from 
the shelf onto the slope resulting from fault over-steepening or seismic activity. The deposit 
is also comparable to mega-conglomerates described by Eaton (1987) in the Pahkna 
Formation (Happy Valley locality, Cyprus) where tectonic controls are thought to have a 
strong effect on sedimentation, pulsed uplift of the Troodos massif resulted in a packaged 
nature to rudite and calcarenite bodies. Tectonic control on sedimentation also led to 
deposition of carbonate mega-breccias during the opening of the Oligocene Gulf of Aden 
(Ashawq Graben area, Robertson & Bamakhalif 2001). Limestone breccias (of the Late 
Oligocene-Early Miocene Mughsayl Formation) up to several 10's of metres thick are 
overlain by finer-grained re-deposited limestones. The source of the material was local 
Eocene (down to Albian) rocks that were being uplifted at the margins of the graben, 
although contemporaneous shelf material was also included. Steep and unstable fault 
controlled slopes are envisaged as controlling deposition of these deposits. 
These rocks are assigned to a faulted carbonate slope fades, reflecting carbonate input 
from the shelf, reworked by catastrophic down-slope processes (Figure 4.13). The limestone 
breccias represent a catastrophic debris-flow deposit from mass-wasting of the shelf on an 
unstable faulted slope. The clasts are very similar to the limestones of the Aktatepe 
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Figure 4.13 - Schematic diagram of reworking of shelf material onto a carbonate slope 
resulting in carbonate breccias (Drzewiecki & Simo 2002). Carbonate megabreccias are 
usually derived from a bypass slope with oversteepening resulting from syndepositional 
faulting (D). 
The mid part of the Halkapinar Formation near GümU is more comparable with the 
succession in the west. The section comprises well-developed medium-grained classical 
turbidite packages (Fig. 4.11; Stow 1985) with planar lamination in mudstones, although 
cross-lamination is infrequent. This may be the result of bioturbation as trace fossils are 
common. Most notable are Planolites and Zoophycos. Zoophycos is typically found in the 
bathyal zone (depth > 200 m) and thus confirms a basinal setting (Ekdale et al. 1984). 
Again, the sediments are incised by channelised conglomerates and, thus, this part of the 
succession is assigned to a mid-slope facies. 
The mid to upper part of the Halkapinar Formation is dominated by volcaniclastic deposits 
and reworked limestone in the form of limestone breccias and calcarenites. The volcanics 
are typically coarse-grained breccias and pillow breccias. The limestones are granular 
packstones and breccias and very little sub-sand-grade material. This part of the section is 
comparable to the mid part of the succession in the west and represents a volcanic flank 
facies. The dominance of coarse-grained volcaniclastic deposits may be indicative of the 
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upper flanks of a volcanic edifice (Wright 1996), and as such, the volcaniclastics here may 
represent a more established volcanic mound / cone in comparison to the deposits in the west 
(see above). 
In summary, the eastern succession of the Halkapinar Formation also preserves facies 
indicative of deepening upwards; however, here the transition from carbonate-slope to mid-
slope is preserved whilst no proximal deposits are present. The presence of carbonate 
megabreccias in the succession is suggestive of slope instability as a result of faulting. 
Volcanogenic deposition takes over entirely at the top of the section, which may be a result 
of the proximity of this succession to the main extrusive centre. 
Summary 
The Halkapinar Formation is clearly dominated by down-slope reworking of clastic material, 
primarily by turbidity currents and mass-flow processes. In the west a progression from 
proximal deposits (debris-flows and coarse grained turbidites) to well-established (classical) 
turbidite deposition is seen, with channel deposits present throughout the system. In the east 
the setting contrasts, a transition from a carbonate slope to well established turbidite setting 
is seen, interrupted only catastrophic deposition due to fault instability; proximal deposits are 
not seen. The Halkapinar Formation as a whole is indicative of a "faulted slope apron" 
setting, described by Reading (1986). The main features of this setting are described in 
Table 4.2. and are shown in the block diagram, figure 4.14 (Reading 1986). 
facies of faulted 
• Slump scars, slump masses and short lived channels are widespread - 
• A thick fault scarp wedge of sediments accumulate in a narrow trough at the 
foot of the slope 
• There is a fault-parallel facies association from coarse-to-fine away from the 
fault, (assuming all grain-sizes are available) 
• Near to the fault rock falls, debrites and gravel rich turbidites dominate 
• The "near fault" facies 'dies out' away from the fault and interdigitates with 
sands, muds and biogenic facies 
• Lateral variation of facies is common and may interrupt the fault parallel 
association 
Table 4.2.— Typical features of the faulted slope apron facies (adapted from Reading 1986). 
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A comparable present-day setting is the fault-bounded basins of California; and in the 
ancient, the Upper Jurassic Wollaston Forland Group from eastern Greenland (Reading 
1986), as shown in Figure 4.13. However, other settings are also appropriate comparisons, 
including those which have been described above: the Pahkna Formation in Cyprus (Eaton 
1987) and the NE margin of the Gulf of Aden (Mughsayl Formation, Robertson & 
Bamakhalif 2001). In both of these settings fault related megabreccias are deposited with 
turbidite and calciturbidite systems and deposition was related to uplift around the basin 
margins. A further example is the Vounikhora Member in central Greece, from which 
Rhodri Johns (1978) describes carbonate mega-breccias related to sliding or rolling 
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Figure 4.14— Two examples of faulted-slope apron deposits (Reading 1986); a) represents the 
Eocene-Oligocene of the Santa Ynez Mountains, California; b) shows an interpretation of the 
Wollaston Forland Group of the Upper Jurassic in eastern Greenland. Both diagrams show 
lateral change from conglomerates and proximal turbidites to distal turbidites and lutites away 
from the fault outcrop. In b) submarine fans are shown superimposed on the faulted slope. 
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4.1.4. UIukuIa Formation 
The field description of the Ulukila Formation (Section 3.4.2) was divided into sub-
sections, effectively equated with the different facies seen in the Formation; the sub-
divisions are thus appropriate here. 
Breccias and conglomerates 
There are three main types of very coarse-grained deposits in the Ulukila Formation. 
Firstly, thick-bedded breccias, which are poorly sorted, have clasts up to 10 cm in diameter 
and are a mix of matrix- and clast-supported. In some examples the matrix is typically fresh 
lava, with exclusively lava clasts. These beds, which make up the large part of the Ulukila 
Formation, and are referred to as 'Type 1 - Monomict volcanic breccia' by McPhie (1995) 
and are interpreted as autobreccia (McPhie 1995; Pettijohn 1975) resulting from continued 
movement of a lava flow during cooling. 
The second type are also very-coarse, stratified, internally massive breccias, containing 
angular clasts of lava, sometimes set in a volcaniclastic sandstone matrix. In addition to lava 
clasts minor amounts of baked limestone and sandstone clasts are also present. Such 
deposits are described as 'Polymict volcanic breccia' by McPhie (1995) and result from 
gravity-driven collapse of unstable lava and breccia with down-slope transport by high-
particle concentrate sediment gravity flows (e.g. debris flows). 
The third type of coarse volcanic lastic rocks in the Ulukila Formation are matrix-supported 
breccias and conglomerates, in which lava clasts and complete and fragmented pillow lavas 
are set in an altered hyaloclastite matrix. These deposits are roughly graded and have an 
increasing clasts density up-section as grain-size fines. In some examples large individual 
pillows are suspended in the fine-grained matrix. These hyaloclastic breccias (Pettijohn, 
1975) are indicative of volcanism in contact with water, also evidenced by pillow lavas. 
The coarse-grained deposits are indicative of a submarine volcano (upper) flank facies. 
The first and second type of breccias represent continued movement of lava down-slope and 
potentially also debris-flow activity. The third type appear to represent a more ordered 
gravity-driven process leading to sorting and grading of the deposits. The presence of 
individual pillows in fine-grained deposits suggests a relatively steep slope allowing free 
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movement of pillows detached from the main pillow lava extrusion. Coarse volcaniclastic 
deposits dominate the U1uki1a Formation (70-80 %) and are envisaged as thick 
volcaniclastic aprons covering most of the volcanic edifice. Such a setting is characteristic 
of the later stages of development of a seamount or volcanic island (Pickett 1994) and are 
likely to originate from the upper flanks of the volcanic edifice (McPhie 1995; Wright 1996). 
Pillow lavas and lava flows 
Pillow lavas and lava flows are a relatively minor part of the Ulukila Formation. The 
presence of pillow lava is directly indicative of sub-aqueous extrusion, and the presence of 
interstitial limestone confirms the setting as marine. There is some crossover between these 
deposits and those mentioned above. A common feature in the pillow lava piles is pillow 
breccia (McPhie 1995; Wright 1996; Corcoran 2000), in which small pillows (<25 cm) are 
set in a hyaloclastic matrix. Often the pillows are poorly formed and/or fragmented. This is 
usually interpreted as extrusion on a slope, which may be part of a large volcanic edifice or 
simply the flanks of a pillow lava pile (McPhie 1995; Wright 1996; Corcoran 2000). 
Typically, pillow lavas are found on the lower flanks of the volcanoes, where lower slope 
angles prevent total autobrecciation (Wright 1996). Thus, the pillow lavas are also assigned 
to the lower volcanic flank facies. 
Volcaniclastic sediments 
Volcaniclastic deposits (Section 3.4.2.3.) are present as intervals in the coarse grained 
deposits and ore often associated with extrusive lava horizons. It is not surprising that the 
volcaniclastic sediments preserve features indicative of deposition on a slope. They are 
typically graded, including pebblestones, sandstones and mudstones. Cross-lamination is 
often present and mudstone horizons are always planar laminated; complete Bouma (1962) 
sequences are locally observed. Dewatering structures are also common, which may reflect 
a rapid depositional rate (Selley 1988). The ordered sand-and mud-grade deposits are 
incised by channelised conglomerates. 
The thickness of these volcaniclastic sections was rarely more than a few 10's of metres and 
they are thus assigned a localised turbidite facies. These epiclastic sediments are likely to 
have been deposited on volcanic edifice flanks, representing gravity-driven epiclastic 
reworking of volcanic rocks; distribution was probably controlled by the local morphology. 
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The relatively fine-grain size of deposits suggests deposition on the lower-flank (Wright 
1996), as does the association to the extrusive deposits. 
Subordinate interbedded limestone 
Limestones within the Ulukila Formation occur in discrete sections between 5-30 in thick 
and are further confirmation of a marine setting. Typically the limestones are indicative of 
interaction between the lava and carbonate sediments; for example, wackestones and 
calcarenites near Husinye (Fig. 3. 1.) contain reworked microbial carbonate and fragmented 
coral with volcanic material. Other beds are pure micnte, indicating a pelagic carbonate 
background sedimentation. 
Similar rocks are seen at Unlukaya (Figure 3.1.). Calcarenites contain angular fragments of 
lava, mudstone rip-up clasts and rounded bioclastic material. In contrast to the above the 
calcarenites grade up into pure bioclastic limestone containing bivalves, nummulites and 
shell fragments. A thin section (Appendix 2, Sample MCOO/13) reveals a limestone 
dominated by bryozoan fragments and Discocyclina foraminifera (bryozoans comprise > 40 
% of the rock). Other grain types are extensive and varied, including planktic foraminifera 
and minor amounts of volcanic material. 
These bioclastic limestones are assumed to represent relatively shallow-water deposits due to 
the presence of microbial carbonate and coral. The high abundance of bryozoans in the 
rocks (Appendix 2, Samples MCOO/3 1 A in addition to MCOO/1 3 described above) may 
indicate proximity to bryozoan reefs. As mentioned above, the limestones are largely 
reworked; given palaeocurrent distributions around the Ulukila Formation (see below 
Section 4.2.3.), the source of material is thought to be local, rather than from the basin 
margins. Thus, limestones in the Uluki1a Formation are considered as the result of ponding 
and subsequent reworking on slopes adjacent to volcanic highs. 
Summary 
The Ulukila Formation indicates extrusion of lava and build up of considerably sized 
volcanic edifices, the total thickness of deposits being c. 2 - 3 km. The upper flanks were 
effected by extreme autobrecciation and by gravity-driven reworking of coarse volcanic 
material. The lower flanks were charactensed by pillow lava extrusion as small mounds, 
with pillow breccia developing on the flanks. The lower flanks are also characterised by 
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finer-grained deposition of volcaniclastic sandstone and mudstone in small turbidite fan 
systems. Locally carbonate rocks were deposited on volcanic highs. Figure 4.15 is a cartoon 
displaying the potential interaction of these processes. 
Carbonate sediments 
Debris flows 	 ponded on volcanic 
and rock highs 
falls 	_ 
Lava flows with 
Pillow lavas, with 	 autobrecciated 
material spawling fronts 
off sides to create 
pillow breccia 
4 
Density stratified flows, _- possibly restricted by 
local volcanic morphology 
Figure 4.15— Cartoon of the setting envisaged for deposition of the rocks of the Ulukila 
Formation. 
The overall setting of the Ulukila Formation is difficult to establish (i.e. was there one large 
volcano or many small volcanoes?). Individual seamounts can be up to 25 km in diameter 
but are generally less than 10 km (Cas & Wright 1987). The present-day main outcrop of the 
U1ukila Formation is approximately 30 km by 16 km and thus; if the Ulukila Formation 
represents a single volcano it is of the same order of magnitude as a large seamount. 
Volcanic deposits in the west of the basin are small, suggestive of small extrusion events 
surrounding a larger volcanic edifice. A definitive answer to this question has not been 
established, although the presence of pillow lavas and volcaniclastics (interpreted as lower 
slope deposits) in the centre of the outcrop (UnlUkaya and ciftekoy areas) surrounded by 
upper flank deposits (ciftehan area, Gödeli area) is suggestive of more than one point of 
extrusion. 
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4.1.5. Hasangazi Formation 
The Hasangazi Formation comprises limestones overlying the Uluki1a Formation with a 
depositional contact. There are some similarities between the rocks of the Hasangazi 
Formation and the interbedded limestones of the Ulukila Formation. 
Basmakci Member 
The Basmakci Member is described in Section 3.5.2 and two localities are outlined. The 
sections are comparable and a summary of the succession is given in Figure 4.16. 
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Figure 4.16— Summary log of the Basmakçi Member. Approximate position of thin sections 
samples in Appendix 2 are shown. 
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At Basmakci quarry (Fig. 3.1) the base of the succession is marked by a prominent 
conglomerate of rounded lava clasts set in a carbonate matrix. A thin section (Appendix 2, 
Sample MC98/6) revealed that the carbonate is a biomicnte with grains including coral, 
bryozoans, thick-walled benthic foraminifera and microbial material. Calcite overgrowths of 
lava clasts are common. Clastic deposition also marks the base of the succession near 
Gödeli (Fig. 3.1); however, at this locality the conglomerate has a fine-to medium-sand 
grade volcaniclastic matrix and grades up into sandstone with a sparry calcite cement. In 
thin section (Appendix 2, Samples MC99/91) bioclasts (as mentioned above) are present in 
the sandstone, which mostly comprises well-sorted, sub-rounded grains of lava. The 
volcanic grains and bioclast are set in a sparry calcite cement. 
These sediments are reminiscent of the lower parts of the Aktatepe Formation and are 
interpreted as a marginal-marine facies, providing clastic input into a shallow-marine 
setting. 
The bulk of the Basmakci Member comprises limestone (Fig. 4.16), and again, comparisons 
with the Aktatepe Formation can be made. The limestones at Basmakçi quarry are 
bioclastic, with microbial oncoliths and mats visible in the field. Often the bioclastic rocks 
contain coral, whereas some beds are boundstone representing in situ coral preservation. 
Thin section MC98/7 (Appendix 2) confirms this, but is also notable for exhibiting only 
miliolid benthic foraminifera. At the Gödeli locality the limestones are similar, although 
oolitic grainstones are also present (Appendix 2, Sample MC99/1 34). The ooids are graded 
and vary from sub-mm size to 5 mm. Microbial material and bryozoan fragments are 
occasionally preserved in the ooids, but the nuclei are often too small to identify. Ooids are 
found in shallow, warm, agitated waters and the concentric coatings reflect growth in areas 
where wave and tidal action can move grains (Reading 1996); for example, Wilson (1975) 
records oolitic-bioclastic grainstones of the inner-reef flank facies in Cretaceous reefs of 
northern Mexico. Coralline reefs may build-up on the fringes of well established seamounts 
(Cas & Wright 1987; Pickett 1994); however, no complete coralline reef bodies were found 
in outcrops of the Basmakci Member, although boundstone was found in some horizons. As 
such, the presence of a coral-reef is a possibility, but cannot be confirmed. Given the 
evidence outlined above the Basmakci Member is assigned to a shallow-marine facies, with 




The GUmü Member crops out in the southern part of the Ulukila Basin and is commonly 
identified by a large proportion of nummulites. The limestones are typically biomicrite, 
many of which also have volcanic constituents. 
Near Hasangazi village (Fig.3.1) the GOmO§ Member crops out as a biomicrite with large 
nummulites and pecten-like bivalves. Other beds are mudstone interbeds, layers with a high 
proportion of bioclasts and some calcarenite horizons. In hand specimen the inclusion of 
volcanogenic grains is clearly observable, confirmed by the petrography (Appendix 2, 
Sample MC99/30) where packstones with Discocyclina and nummulites (>5mm) also 
contain feldspar, biotite, quartz and lava grains. However, other rocks (Appendix 2, Sample 
MC98/8) contrast in that there are no volcanogenic products present. In the outcrop an 
alignment of nummulites is observed, suggestive of current reworking. This is especially 
seen at localities between Hasangazi and ciftehan, where dense layers of nummulites display 
current alignment and are graded, fining upwards to calc-sandstone in 20-40 cm packages. 
There is a marked interaction of volcanogenic material (Appendix 2, Sample MC99/161). 
The GUmu Member contrasts significantly near GUmü village, where the rock contains less 
nummulites and is more mud-rich. 
Nummulitic limestone is common throughout Tethyan limestones during Palaeogene time 
(Wells 1986; Racey 1995). Present-day nummulites inhabit warm, shallow-water settings 
and often have a symbiotic relationship with algae, and this mode of life is assumed correct 
in the ancient (Racey 1995). They are often associated with shoals and form banks of 
considerable thickness and lateral extent, although packstone that forms from the setting do 
not necessarily indicate the mode of living and are more likely formed by winowing of fine-
grained material (Aigner 1985). Remobilisation of nummulites during current re-working is 
not uncommon and Aigner (1985) reports erosion surfaces, ripples, scour-and-fill structures 
and imbrication. Imbrication, grading and ripples are seen in nummulitic packstones in the 
GUmü Member, and such beds often also exhibit grading. 
Another notable feature of the GUmU Member limestones is the presence of glauconite, as 
seen near Hasangazi, although a considerably greater amount is seen northeast of çiftehan. 
In thin section (Appendix 2, Sample MC98/49) the glauconite appears as grains in the matrix 
(olive green), but also fills cavities in bioclasts (bright green, with inclusion of quartz and 
calcite). Glauconite formation is poorly understood (Leeder 1999), although is generally 
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accepted to form in shallow-marine environments (Odin & Matter 1981). It is thought to 
form most commonly during marine diagenesis in shallow water, during periods of slow or 
negative sedimentation (Deer etal. 1966); however, Berner (1971) reports formation at the 
sediment water interface where organic matter is present. The presence of both ferric and 
ferrous iron in the lattice suggests formation under moderately reducing environments (Deer 
et al. 1966). Jeans et al. (2000) suggest that glauconite is often found above erosion surfaces 
and occurs in marine lowstands during early stages of sea-level recovery. The authors also 
report a volcanogenic origin for some glauconite in the North Sea (Jeans etal. 1990, 1982), 
after dissolution of fine volcanic material increases the amount of Si and Al in the seawater. 
The GümU Member was deposited on the basaltic volcanics of the Ulukila Formation and, 
whilst there is no direct evidence that the volcanism affected formation of glauconite in the 
Ulukila Basin, it remains a possibility. 
The Gilmii§ Member is assigned to a shelfal shallow-marine facies reflecting the high 
nummulite content and the lack of bryozoans and microbial material relative to the Basmakçi 
Member. The presence of glauconite is also indicative of slow sedimentation in shallow-
marine seas and is typically found in the basal layers of limestones in transgressive settings 
(Battey 1981). Current reworking, as evidenced in nummulitic packstones, may reflect 
continued presence of localised volcanic slopes, storm activity and the action of coastal 
currents. The lesser amounts of nummulites near GUmU may reflect a relatively deeper and 
quieter environment away from the volcanoes to the north. 
Summary 
In summary, the Hasangazi Formation represents shallow-marine sedimentation including 
deposits flanking reefs, which developed on volcanic highs in the north and a more open 
shallow sea in the south. Clastic input from volcanic slopes continued along with limited 
extrusive volcanism. 
4.1.6. Bozbeltepe Formation 
The Bozbeltepe Formation comprises clastic deposition after cessation of volcanism in much 
of the Ulukila Basin. The Formation is widespread throughout the basin, but each outcrop 
is usually limited to parts of the succession. Figure 4.17 is a composite log of the succession 
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Figure 4.17— Composite summary log of the Bozbeltepe Formation. Data gathered from the 
descriptions in Section 3.6.1.1. and localities are represented in the figure. Approximate 
position of thin sections samples in Appendix 2 are shown. 
The lower part of the Bozbeltepe Formation if characterised by coarse-grained elastic 
sedimentation, as seen at Yenikoy. Medium-to thin-bedded packets of gravelstone grading 
to mudstones are incised by channelised conglomerates. The graded packets exhibit cross 
lamination, convolute lamination, dewatering structures, bioturbation and planar lamination 
in the finer-grained parts. The conglomerates are dominated by lava clasts, but also contain 
bioclastic limestones (including nummulites) and intraclasts from limestones interbedded 
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with the elastic deposits. These features listed above are indicative of an upper-mid slope 
turbidite facies (Reading 1986; Boggs 1995). 
The lower part of the Bozbeltepe Formation is also present at Kara Gölu. In this succession 
a graded breccia is overlain by a nummulitic limestone (see also Appendix 2, Samples 
MCOO/2 & MC99/100), which also contains whole echinoid fossils and large bivalves. At 
the very base the breccia is matrix supported, poorly sorted and contains angular clasts up to 
50 cm in diameter and is interpreted as a debris-flow deposit. The nummulite horizon may be 
equivalent to the Gümü Member; however, the GUmu Member is never seen to overlie a 
thick, graded breccia. As this breccia clearly represents the onset of elastic deposition, the 
limestone at Kara Gölu is considered as part of the Bozbeltepe Formation. The suggestion 
here is similar to the interpretation of the Aktatepe Formation, in that coarse elastic deposits 
are subsequently drowned and overlain by shallow-water limestone, as evidenced by the 
echinoid and nummulite rich limestone. As such, the breccia is interpreted as a near-shore 
elastic deposit, perhaps also representing the elastic toe of a fan delta. The limestone then 
represents regression of the basin margin at the south leading to turbidite deposition. Above 
the limestone the succession consists of laminated mudstones with sporadic interbedded 
sandstones, which are incised by channelised conglomerates. Again, this is interpreted as an 
established basin-floor turbidite facies (Reading 1986; Boggs 1995). 
The mid part of the Bozbeltepe Formation is exposed in several localities in the Ulukila 
Basin, described in section 3.6.1.1. Each of the sections are dominated by interbedded 
sandstones and mudstones that exhibit grading and sedimentary structures, indicative of 
current reworking under turbidity current conditions (Fig. 4.9; Bouma 1962; Reading 1986; 
Selley 1988). South of Aktoprak, load casts are present, suggestive of rapid smothering of 
water-saturated mudstones (Allen 1982; Fig. 3.68); they are not directly related to turbidity 
current processes but are often found in turbidite sequences (Boggs 1995). Near Guney 
village well-formed flute casts (usually 'conjugate parabolic' type) are more directly 
indicative of deposition by turbidity currents (Fig. 3.70c; Allen 1982). At Bozbel Tepe 
turbidite sequences dominate the deposition. There is a lesser amount of conglomerate and 
channelised beds compared to the lower part of the Formation, suggestive of a more 
established turbidite setting. This part might be assigned to a lower mid-slope turbidite 
facies (Reading 1986), although it should be noted that the local basin geometry may result 
in a quieter, channel-free, setting. Tuff deposits near to Guney suggest that some volcanic 
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activity was still taking place in the basin. Evidence for localised extrusion at the base of the 
Formation is present south of Aktoprak. 
The upper part of the Bozbeltepe Formation is exposed on the northern flank of Kabak Tepe 
(Section 3.6.1.1., Fig. 3.1). The succession is dominated by laminated mudstones, only 
interrupted by sandstones at approximately ten metre intervals. This is clearly indicative of 
relatively quiet deposition compared to the lower and mid part of the Formation and might 
be interpreted as lower slope deposits. However, upward fining in a turbidite sequence may 
be indicative of a relative drop in sea-level (Allen & Allen 1990) and this would appear to be 
the case here as the Bozbeltepe Formation is conformably overlain by evaporites. Thus the 
upper part of the Bozbeltepe Formation is assigned to a shallow basinal facies. 
In summary, the Bozbeltepe Formation represent down-slope reworking of material mostly 
derived from the by then inactive subaqueous volcanoes of the Ulukila Formation. 
Reworking was dominated by turbidity current processes, which were most likely controlled 
by the volcanic geomorphology. 
4.1.7. Kabaktepe Formation 
The deposits of evaporite described in Section 3.7.1. gives some insight into the depositional 
history of the basin at this time, as inferred from sedimentation styles. Following the facies 
descriptions of Schreiber et al. (1976) and Robertson et al. (1995) the sequence has been 
interpreted as follows. 
The lower parts of the Kabaktepe Evaporite Member record a period of intense and rapid 
redeposition processes from peripheral evaporite deposits, which suggests that the region 
was tectonically active at this time. The sequence starts conformably upon mudstones and 
sandstones of the Bozbeltepe Formation, interpreted as shallowing of the basin, but still with 
deposition on a slope. Sedimentation style at the base of the Kabaktepe Formation shows no 
change. The lower part of the evaporite also consists of debris flow deposits and turbidites 
(Section 3.7.1.1.). The presence of plant material in the reworked sediments is suggestive of 
a shallow origin for the sediment. This is also indicated by the clasts themselves, consisting 
of well-formed coarse selenite which is representative of a primary shallow-water deposit, 
but subsequently re-worked as debris-flow deposits. 
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Above the debris-flow deposits slope-derived sedimentation continued in the form of 
turbidites of coarse-to very-fine-grained evaponte material. This may represent a reduction 
in the catastrophic nature of deposition but is still consistent with considerable transport from 
the basin periphery. The presence of reworked nummulites in the turbiditic gravel suggests 
that the lower and middle Eocene units had already undergone considerable uplift and 
erosion around the basin margins and redeposition into the basin centre. This may also 
account for the uplift of the basin floor, which may itself have triggered shallowing of water 
depth and evaporate formation. 
The turbidite deposits are overlain by a section of fine laminated gypsum, which is usually 
representative of the background, alabastrine gypsum, sedimentation, the fine material 
precipitating out of suspension at the water/air interface or the seafloor/water interface 
(Schrieber et al. 1976; Robertson etal. 1995), probably in a shallow-water setting (e.g. hyper 
saline lagoon). Occasional rafts of consolidated sediment maybe indicative of sediment 
resettling on a slope. It is also possible that these laminations are current-born and the 
laminated section is representative of low density turbiditic deposits. 
The larger part of the section consists of very fine grained massive alabastrine gypsum, 
which shows little or no bedding for over two hundred metres and is made up largely of 
anhydrite (see Section 3.7.1.2.). The lack of structure and the presence of anhydrite suggests 
that this part of the section has been extensively recrystallised under dehydrating conditions 
as gypsum was converted to anhydrite at depths of more than a few hundred metres (Tucker 
2001); thus, the massive evaponte gives little indication of basin conditions at this time. 
Rehydration typically occurs during uplift (Tucker 2001) assuming sufficient amounts of 
fluid are available (Testa & Lugli 2000); thus, the presence of anhydrite suggests that 
rehydration was inhibited during subsequent uplift. Fluid migration could have been 
inhibited by the massive nature of this part of the evaporites subsequent to recrystallisation. 
The upper part of the Kabaktepe Formation is dominated by shallow-water evaporite 
deposits, the quasi "swallow tail" sheaves of selenite suggests formation in protected lagoons 
<lOm in depth, (Schrieber et al. 1976; Robertson et al. 1995). "Chicken-wire" gypsum near 
the top of the succession may indicate the presence of sabkhas (Schrieber 1976). It is 
apparent that the top of the Kabaktepe Member records the end of intrabasinal sedimentation 
and regression toward continental deposition. The Oligo-Miocene sandstones above the 
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Kabaktepe Formation are entirely free of evaporite material, which again suggests a total 
change of environment to fully continental deposition. 
4.2. PROVENANCE AND PALAEOCURRENT SYNTHESIS 
In this section, the palaeocurrent and point-counting data recorded in Chapter 3 are 
interpreted with respect to basin architecture and sediment sources during the relevant stages 
of the basin history. The main points of the data are briefly summarised and then 
interpretations are made. This information is critical to the basin reconstructions in the 
following section and will also be important in discussion of the tectonic setting in Chapter 
7. 
4.2.1. Aktatepe Formation 
Point-counting results from sandstones of the Aktatepe Formation are discussed in section 
3.3.5. The following points are notable: 
• Kalkankaya Member sandstones are dominated by limestone grains derived from the 
Bolkar Carbonate Platform. 
• One sample shows a significant amount of quartz, attributed to clastic rocks in the 
Allhoca Ophiolitic Mélange. 
• From the Alihoca area, where proximal, sandstones contain redeposited recrystallised 
limestone from the Bolkar Carbonate Platform, but further from the platform contain 
only reworked contemporaneous limestone. 
• Omerli Member sandstones show high proportions of locally sourced lava material. 
The above points suggest that the Bolkar Carbonate Platform was the dominant source of 
clastic sediment near the basin margin; however, it is clear that the Alihoca Ophiolitic 
Mélange was also actively supplying sediment at this time. Further from the basin margins 
(i.e. Omerli Member, Alihoca area) localised reworking of contemporaneous limestone 
material dominated. The Omerli Member also indicates that extrusive volcanism was 
present early in the basin history, as sandstones are dominated by fresh volcanic material. 
Palaeocurrent data for the Aktatepe Formation are limited to the turbiditic deposits of the 
Omerli Member (described in Section 3.3.4.2. & Fig. 3.21). Palaeocurrents are dominated 
by flow toward the northwest, which suggests that this early volcanic activity occurred in the 
southeast of the basin. It could be suggested that volcanism was related to extensional 
faulting of the basin. 
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4.2.2. Halkapunar Formation 
Point-counting data from the Halkapinar Formation is discussed in Section 3.4.1.4. and the 
following points are notable: 
• In both successions described, limestone grains (assumed to be from the Bolkar 
Carbonate Platform) make up> 60 % of the rock in the lower parts of the Formation. 
• Ophiolitic grains are the other main constituent. 
• Ophiolitic content increases in the mid part of the successions. 
• The distribution of clast types in conglomerates from the mid part of the GUmU 
succession is broadly similar to the distribution of grain types in the sandstones. 
• The conglomerates contain a slightly higher proportion of ophiolitic material and also 
contain quartz. 
The conglomerates exhibit higher proportions of ophiolite material than the sandstones; 
however, rather than being sourced from a different area, the higher proportion of ophiolite 
material in the conglomerates is likely to be the result of sorting. Many of the other grain 
types counted only appear in the sandstone grain-size fraction, e.g. calcite, oxides, feldspars, 
mafics and fossils; this means the conglomerates and sandstone components may not be 
directly comparable. Figure 4.17 shows the point counting data from the sandstones 
recalculated as percentages of the total amount of quartz, ophiolitic grains and limestone. 
The figure shows a very similar pattern to the conglomerates (Fig. 3.40), suggesting that any 
variation between the conglomerates and sandstone is due to sorting. 
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Figure 4.18— Chart of grain-type counting from sandstones in the mid part of the Halkapinar 
Formation (from Fig. 3.39), recalculated to percentages of the total amount of limestone, 
ophiolitic clasts and quartz present, to remove grains likely to be present only in the sub-
conglomerate grade material. Following this process, the distribution of grain-types is very 
similar to distribution of clast-types seen in the conglomerates (Fig. 3.40). 
The point-counting thus suggests that the Bolkar Carbonate Platform and the Alihoca 
Ophiolitic Mélange remained the main sources of sediment during deposition of the 
Halkapinar Formation. The increase in ophiolitic content in the mid part of the succession 
may be the result of a change in catchment rather than a change in erosion level as the 
Alihoca Ophiolitic Mélange structurally overlies the Bolkar Carbonate Platform (Dilek et al. 
1999). 
The Halkapinar Formation is dominated by turbiditic deposits and accordingly palaeocurrent 
data are abundant, as described in Section 3.4.1.3. The data are displayed with the respect to 
the lower and upper parts of the two successions described in the field descriptions (Fig. 
3.37). In general, the data show a shift from west to northwest palaeocurrents up-section. If 
the present-day orientation of the basin sediments with respect to the margins is the same as 
during the Palaeocene, the westerly palaeocurrents suggest (almost) axial flow in the early 
stages of deposition in the basin. The change in flow direction to the northwest may then 
reflect the opening of the basin and migration of the depocentre away from the southern 
margin 
OTIM 
4.2.3. Bozbeltepe Formation 
Point counting of grain-types in the Bozbeltepe Formation sandstones is described in Section 
3.6.1.3. The following points are notable: 
• Basal rocks from the north contain significant amounts of quartz, whilst basal rocks 
from caykavak are dominated by limestone. 
• The mid part of the succession is dominated by limestone in the south (Aktoprak). 
• At Bozbel Tepe, the mid part of the succession contains a large amount of lava grains. 
Palaeocurrent data suggest that flow was away from the centre of the Ulukila Formation 
volcanics (Figure 4.19); however, the continuing presence of recrystallised limestone 
suggests that the Bolkar Carbonate Platform remained an important source of clastic 
sediment at this time, even to the central parts of the Ulukila Basin. Input from the Ulukila 
Formation is represented by feldspar and oxide input, together, making up between 30-50% 
of the rocks. The large amount of quartz present in the rocks in the north of the basin 
suggests that the Uckapili Granite of the Nide-Kirehir Massif was actively eroding at this 
time. However, palaeoflow in this area is dominantly to the north (Section 3.6.1.3. & below) 
restricting quartz deposition to this northern part of the Ulukila Basin. The samples from 
south of Aktoprak contain limestone, interpreted as material derived from the Bolkar 
Carbonate Platform; palaeocurrents here are directly north (see below) agreeing with this 
interpretation. This contrasts with the Bozbel Tepe locality where lava grains dominate. 
Overall partitioning of the basin is suggested by the site-specific and local provenance of 
sediment in the sandstones of the Bozbeltepe Formation. 
The Bozbeltepe Formation was deposited above the Hasangazi Formation and the Ulukila 
Formation. The pattern displayed by palaeocurrents (Fig.3.73, Fig. 4.19) suggests that the 
volcanic high of the Ulukila Formation had a strong control over sediment dispersal in the 
basin, as around the margins of the Ulukila Formation, palaeocurrents display flow away 
from the centre (Fig. 4.19). This also suggests that the present-day outcrop of the Ulukila 
Formation represents the original location of extrusion and formation of the volcanic high. 
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Figure 4.19— Simplified diagram of the palaeocurrent directions indicated by the rocks of the 
Bozbeltepe Formation. Localities are as follows; YV = Yenikoy village, GV = Guney village, 
BBT = Bozbel Tepe, KG = Kara Gölu, AK = south of Aktoprak. 
Along the southern margin of the basin, flow to the north suggests that sediment dispersal 
was dominated by the Bolkar Carbonate Platform, as shown by data from Kara Gölu. Data 
gathered south of Aktoprak show palaeoflow towards the west. To the north of this, at 
Bozbel Tepe, flow is also towards the west; however, an element also flowed to the east at 
this locality. It appears that in the southwest sector of the basin, flow to the west was 
dominant suggesting that sediment south of the Ulukila Formation was channelled out to the 
west (except where most proximal to the Bolkar Carbonate Platform e.g. Kara GOlu, and 
proximal to the volcanic outcrop, e.g. Bozbel Tepe). 
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4.3. ENVIRONMENTAL SYNTHESIS 
The facies interpretations, palaeocurrents and provenance described above are summarised in 
the following basin reconstructions (Figs. 4.20 - 4.26) at seven intervals in the history of the 
Ulukila Basin. The diagrams show environmental interpretations based on the facies 
evidenced by the Ulukila Basin lithostratigraphy. The palaeocurrent data and provenance 
information were used to infer basin architecture at the given times. The representative time 
of each figure is as follows: 
Fig. 4.20 - Maastrichtian 	Aktatepe Formation (Kalkankaya Member, 
Guneydagi Member), fluvial clastic input into a 
shallow shelf setting 
Fig. 4.21 - Upper Maastrichtian Aktatepe Formation (specifically Omerli 
Member), pelagic to hemi-pelagic sedimentation in 
a deepening setting, turbidites from early volcanic 
seamounts 
Fig. 4.22 - Lower Palaeocene 	Lower part of Halkapinar Formation, proximal 
turbidites, rock-fall deposits and westward 
palaeocurrents in a narrow subsiding basin 
Fig. 4.23 - Middle Palaeocene 	Mid / upper Halkapinar Formation and Ulukila 
Formation, northwesterly palaeocurrents in a more 
open setting and fully established volcanic 
extrusion 
Fig. 4.24 - Upper Palaeocene 	Hasangazi Formation, Gilmi4 Member deposited 
in shallow sea in the south, whilst Basmakçi 
Member reefal sediments deposited on volcanic 
highs in north. Basin filled as a result of 
sedimentation outstripping tectonic subsidence 
Fig. 4.25 - Lower Eocene 	Bozbeltepe Formation, turbidity currents derived 
from the volcanic massif depositing volcanogenic 
sediments 
Fig. 4.26 - Middle Eocene 	Kabaktepe Formation, evaporite deposition in a 
shallowing basin. 
The figures are sketches only and the scales are only a rough guide based on a relatively 
small amount of shortening compared to the current basin (see Chapter 6). 
In the first four figures (4.20-4.23) the setting is based on the interpretation of deposits from 
the southern half of the basin as no deposits of this age are exposed in the northern half. As 
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a result of this, it is difficult to make any direct inferences concerning the activity at the 
northern margin. The northern margin of the Ulukila Basin divides Eocene sediments of the 
Bozbeltepe Formation from the Nigde Massif. Thecontact is a low-angle normal fault, 
although there is much discussion as to when this fault was active (Whitney & Dilek 1997; 
Dilek & Whitney 2000; Gautier etal. 2001; Fayon etal. 2001, see Section 6.2.2.1.). One 
possibility is that the fault has been active in its present day form since the early history of 
the basin; this is tentatively included in the following figures, although they are here to 
provide a summary of the sedimentology, not structural inferences. 
At the southern margin of the basin planar normal faults are included as the sedimentology 
provides direct evidence of a faulted margin setting. These faults are envisaged as active 
from the Maastrichtian to the Middle Palaeocene, during which time faulted margin 
sediments were deposited. After this period there is no evidence for faulting in the 
sedimentological record and, as such, the basin forming faults are believed to be inactive in 
the periods represented by Figures 4.24-4.26. 
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Figure 4.21 - Uluki1a Basin reconstruction for the Upper Maastrichtian (specifically Omerli Member). 
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Figure 4.22 - Uluki1a Basin reconstruction for the Lower Palaeocene (lower part of the Halkapmar Formation). 
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Figure 4.23 - U1ukila Basin reconstruction for the middle Palaeocene (upper part of the Halkapmar Formation & Ulukila Formation). 
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Figure 4.24 - Ulukila Basin reconstruction for the upper Palaeocene (Hasangazi Formation). 
E 	 Turbidity currents flowing away from 	I 
N • 	
volcanic edifice, redistributing volcanic 
sediment throughout basin,  except at 
southern margin where material derived I 




Arrows show palaeocurrents from Bozbeltepe Fmn 	
5-10 km 
Figure 4.25 - Ulukila Basin reconstruction for the early Eocene (Boabeltepe Formation). Arrows indicate palaeocurrents with localities 
where measurements taken indicated as follows: YV = Yenikoy village, GV = Guney village, BBT = Bozbel Tepe, KG = Kara Gölu, AK 
= south of Aktoprak. 
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Figure 4.26 - Ulukila Basin reconstruction for the Middle Eocene (Kabaktepe Formation). 
4.4. SUBSIDENCE HISTORY 
In order to characterise the basin history more fully subsidence curves were constructed 
based on the data and information collected during this study. 
4.4.1. Subsidence curves (construction) 
Subsidence curves were constructed with the assistance of Dr. Jon Turner at The University 
of Edinburgh following the method of Turner (1996). There are no major unconformities in 
the Ulukila Basin stratigraphy from initiation in the Maastrichtian to basin closure in the 
Late Eocene, which is a useful factor in constructing a meaningful and representative 
subsidence curve. The subsidence curve provides a graphical representation of the basin 
history based on certain inputs: unit age, rock-type, unit thickness and maximum and 
minimum water-depth at the time of deposition, all of which have been fully revised with 
respect to pre-existing work in the area. Total decompaction subsidence was calculated 
using the approach of Steckler & Watts (1978). Each layer of rock was removed to 
reconstruct the total subsidence history of the basin and remaining layers were decompacted 
using standard porosity-depth relationships determined by Sclater & Christie (1980). 
Two curves are presented, one for a composite stratigraphy of the basin based on a north 
south transect that runs through the village of Basmakçi (Fig. 3.1). The second is for a 
transect running through the Giimii§ village area. The first curve is considered representative 
of the centre of the basin and, therefore, the basin as a whole, whilst the second is considered 
indicative of a more marginal setting. The data used in the construction of the curves are 
shown in Table 4.3. 
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00 
Name Thickness Age (Ma) Age Rock Type 
Water-depth 
Base Top 
Margin Ms Cumulative Base Top 
Kabaktepe Fm. 250 250 45 37 Middle Eocene - Late Eocene Evaporites 
400 0 
Bozbeltepe Fm. 400 650 54 45 Early Eocene - Middle Eocene Turbidites 100 
400 
Hasangazi Fm. 50 700 55.5 54 Late Palaeocene - Early Eocene Shallow-marine 100 
100 
(GümU Mbr.) Limestone 
Halkapinar Fm. 1500 2200 63 55.5 Early Palaeocene - Late Palaeocene Conglomerates to 
150 1000 
ktatepe Fm. 280 2480 67 63 Late Maastrichtian - Early Shallow-marine 0 
50 
Palaeocene limestone  
(KKK Mbr.) 
Name Thickness Age (Ma) Age 


















Bozbeltepe Fm. 400 650 54 45 Early Eocene - Middle Eocene Turbidites 100 400 
Hasangazi Fm. 
(Basmakci Mbr) 
100 750 55.5 54 Late Palaeocene - Early Eocene Shallow-marine 
Limestone 
100 100 
Ulukila Fm. 2000 2750 61 55.5 Mid Palaeocene - Late Palaeocene Volcanics 1000 1000 
Halkapinar Fm. 1000 3750 63 61 Early Palaeocene - Mid Palaeocene Conglomerates to 150 1000 
Aktatepe Fm. 
(KKK Mbr.) 





Table 4.3 - Data used in construction of subsidence curves 
4.4.2. Discussion 
Figure 4.27 shows the curves constructed for the Ulukila Basin, whilst Figure 4.28 shows 
ideal subsidence curves for different types of sedimentary basin (Emery & Myers 1996), 
which can be used as a rough comparison. The curves in Figure 4.28 are intended to display 
the general form of a subsidence trace from the different settings and, as such, comparison 
will not lead to a definitive basin type for the Ulukila Basin but does allow elimination of 
one basin type and some inferences to be made. 
The subsidence curve for the composite succession in the Ulukila Basin, considered 
representative of the basin as a whole (Fig. 4.28a), shows gentle subsidence in the earliest 
part of the basin history, followed abruptly by very rapid subsidence during deposition of the 
Halkapinar Formation turbidites and the Ulukla Formation volcanics. This stage of 
subsidence is followed by more gentle subsidence during the latter half of the basin 
evolution. Figure 4.28b shows a subsidence curve considered representative of a more 
marginal part of the basin, in which there is much less volcanism, and turbidite deposition 
dominates the early history of the basin. The curve is similar to the composite section, but, 
as expected, subsidence is less marked. The upward shift of the curve is mostly the effect of 
there being no volcanics at the margin. 
The composite succession (Fig. 4.28a) clearly does not show the convex-upwards pattern 
that is expected of a foreland basin (Fig. 4.27b). Thus, a foreland basin origin to the Ulukila 
Basin can immediately be eliminated, this comes as no surprise as there is little indication 
from the lithostratigraphy that the basin is related to loading; there is also no obvious cause 
for the loading (i.e. there was no thrust load in the area at that time). 
Differentiation between the curve for an extensional rift basin (Fig.4.28a) and a strike-slip 
setting (Fig. 4.28c) with respect to the Ulukila Basin is more complex. A rapid subsidence 
pulse early in the basin history is characteristic of both settings and a thermal subsidence 
phase following initial subsidence maybe present in both settings. Both of these features are 
apparent in the Ulukila Basin curve and, thus, both environments may be applicable. The 
curves constructed for the Ulukila Basin finish at the upper boundary of the Kabaktepe 
Formation evaporites and, therefore, do not show the post-rift uplift phase, which in the 
Ulukila Basin was accompanied by an intense compressional event in the Late Eocene (see 
Chapter 6). With this in mind the last part of the curve for the strike-slip setting (Fig. 4.28c) 
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Figure 4.27 - Subsidence curves for the Ulukila Basin. a) shows the curve for the basin as a 
whole, whilst b) shows a curve for an area considered to represent a more marginal setting. 
I 
The succession in the Ulukila Basin is considerably thick (> 4 km), which may be taken as 
indicative of a strike-slip setting given the scales suggested in Figure 4.28; however, the 
scales in Figure 4.28 are very rough guidelines and are therefore not reliable in this respect. 
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Figure 4.28 - Idealised subsidence curve traces for different sedimentary basin types (after 
Emery & Myers 1996); a) shows and extensional rift setting, b) a foreland basin and c) a strike-
slip setting. 
Another notable comparison is shown in Figure 4.28a where the trace of a marginal zone is 
shown. The margin curve shows a similar pattern to the rift axis, but with reduced depth to 
basement and a more gentle main phase of rifling. This relationship is mirrored in the 
Ulukila Basin, for which the curve from the marginal sequence (Fig. 4.27b) shows the same 
features with respect to the curve representing the main part of the Ulukila Basin (Fig. 
4.27a). 
4.4.3. Eustatic sea level curves 
Thus far, it has been assumed that increased accommodation space and increases in water 
depth were the result of tectonic subsidence. In order to try to constrain this assumption 
somewhat, it is important to confirm that the changes are not the effects of variations in 
global sea level (eustatic sea level variation). Figure 4.29 shows the eustatic global sea level 
curve of Haq etal. (1988) for the Maastrichtian to the end of the Oligocene. In terms of 
long-term sea-level variation, it can be seen that for the period in which the Ulukila Basin 
was subsiding and filling there are no major changes in sea level. This suggests that long-
term sea level variation did not cause the deepening or, later in the basin history, shallowing 
of water depth in the Ulukila Basin. Also, there is no major transgressive event in the 
Maastrichtian that could be directly responsible for transgression early in the Ulukila Basin 
history. 
Dating of events in the Ulukila Basin is not sufficiently accurate to allow close comparison 
to the short-term curve (Fig. 4.29); however, abrupt changes in sea-level are present in the 
Palaeocene and Eocene, which may have had an effect in the Ulukila Basin. Two low-stand 
events are recorded in the Upper Palaeocene and one in the Lower Eocene, which may have 
coincided with shallowing in the Ulukila Basin. The Hasangazi Formation (shallow-water 
carbonates) were deposited around this time and it may be that a global change in sea-level 
was the cause of shallowing in the basin. In order to confirm such an association 
biostratigraphic control on the age of the Hasangazi Formation would have to be greatly 
improved from the current knowledge,. Apart from the low-stand events mentioned above, 
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Figure 4.29 - Global Eustatic sea-level curve for the period from the Maastrichtian to end of 
the Oligocene (Haq et al. 1988). 
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4.4.4. Summary 
In summary, the subsidence curves constructed for the Ulukila Basin succession are not 
directly indicative of a particular setting; the curves are only a graphical representation of the 
input data and any interpretation from them is tentative. However, the curves clearly show 
strong subsidence early in the basin history, which is most likely to be activated by crustal 
extension. By comparison to ideal curves it can be suggested that the basin has either an 
extensional or trans-tensional origin (Figures 4.28 & 4.30). Figures 4.31 and 4.32 show real 
examples of subsidence curves for comparison. The Ulukila Basin curve is clearly different 
form the foreland basin curve shown (Kneller 1991; Fig. 4.30a), representative of a foreland 
basin on the southern margin of the Iapetus Ocean, whilst there are clear similarities to the 
curve of the Witwatersrand Basin ($. Africa), interpreted as a strike-slip pull-apart basin 
(Fig. 4.30b; Maynard & Klein 1995). There are also direct comparisons to the to the curves 
from the Moray Firth Rift arm indicative of extensional activity (Fig. 4.32; Turner 1997). It 
should however be noted that the time scale of extension in the Moray Firth is greater than 
double that of the Ulukila Basin. A brief comparison with eustatic sea-level curves suggests 
that the majority of water-depth variation in the Ulukila Basin is the result of tectonically 
controlled subsidence rather than global changes in sea-level. 
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Figure 431 - Subsidence curves for (a) a foreland basin on the southern margin of Iapetus 
(Kneller 1991); and (b) the Witwatersrand basin, interpreted as a strike-slip pull-apart basin 
(Maynard & Klein 1995). 
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Figure 4.32 - Three subsidence curves from boreholes in the Moray Firth Rift arm and Central 
North Sea, all of which show rapid subsidence, indicating the sun-rift phase, followed by a 
period of reduced subsidence (Turner 1997). 
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CHAPTER 5. GEOCHEMISTRY OF THE ULUKILA FORMATION 
5.1. INTRODUCTION AND PREVIOUS WORK 
The Ulukila Formation represents extensive volcanism within the Ulukila Basin, the 
geochemistry of which, sheds light upon the tectonic history of the area. To date there are no 
published studies on the geochemistry of these rocks. The thesis of çevikba (199 1) mostly 
concerns the plutonic rocks of the Ulukila Basin although some work on the volcanic rocks 
may also have been carried out. cevikba (1991) states that the Ulukila Formation volcanic 
rocks are caic-alkaline lavas formed from a hybridised magma, which developed in a 
thickened crust resulting from continent-continent collision. The plutonic rocks found in the 
Ulukila Basin have been studied in more detail (cevikba 1991; cevikba & Oztunali 1991; 
çevikba etal. 1995; Boztug etal. 2001) and are also believed to be related to crustal 
thickening. 
Here, the X-Ray Fluorescence (XRF) analysis of over 70 samples are presented and 
discussed, with the main objective of inferring the tectonic setting of the volcanism. A 
limited number of samples from the plutonic rocks were also analysed and the results are 
also briefly discussed here. 
5.2. PETROGRAPHY 
Lavas 
The rocks of the Ulukila Formation are extensively varied and this is also the case for the 
petrography of the lavas. During the geochemical investigation fine-grained aphyric rocks 
were preferentially selected in order to sample the most primary basalts; however, lavas in 
the Ulukila Basin range from aphyric and glassy to med-coarse-grained. Some pillow 
basalt exhibits vesicles, both filled and empty, and were also avoided during sampling for 
geochemical study. 
A common feature throughout most of the Formation is the presence of feldspar as a 
phenocryst phase. Both plagioclase and K-feldspar are observed and vary in size from < 0.5 
mm to —3 mm and, as such, were often observed in hand specimen in the field. In many 
cases feldspar is the primary phase, although this is not always the case. Typically the 
feldspars exhibit some alteration, with K-feldspar altering to sericite. Plagioclase shows 
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some alteration at the edges and in the cores in some cases. Zonation of plagioclase is also 
common. 
Other phenocrysts in the Ulukila Formation lavas include olivine and pyroxene, which, in 
certain rocks, can also appear as a primary phase. In thin section, the olivine forms 
phenocrysts of 1-2 mm and alteration is common. The olivine appears with phenocrysts of 
pyroxene that are a similar size, whilst feldspar is present in smaller amounts as a secondary 
phase (generally < 0.5 mm). The groundmass is the particular sample is very fine-grained 
and somewhat glassy. 
A very fine-grained, glassy groundmass is typical of many of the lavas in the Ulukila 
Formation; often the groundmass is too fine-grained to make any petrographic 
determination. The groundmass of the porphyritic rocks is similar to the makeup of the 
aphyric rocks. Where these are coarse enough to make some determination they are 
typically made up of < 0.1 mm feldspars with an interlocking texture and set in glass. Small 
crystals of olivine and feldspar are also seen. 
Where present, amygdales are filled with silica and calcite, and in one case both are seen in 
the same rock. In this sample (MC99/5 1, a lava flow from near Ardicli), small amygdales 
(0.1-1 mm) make up 60 % of the rock and are set in a glassy groundmass. 
Intrusions 
A sample from the core of the Uçurum Intrusion near ciftekoy is coarse-grained and consists 
primarily of olivine, orthopyroxene and strongly altered K-feldspar (largely sericite) and 
plagioclase. Biotite and a large amount of opaque oxides are also present. Individual 
crystals tend to be well formed and the rocks exhibits and interlocking texture. A sample 
from nearer the margin is finer grained and comprised almost entirely of feldspar with small 
crystals of olivine and pyroxene occasionally seen between the crystals. Again, a 
considerable amount (> 10 %) of opaque material is present, although in this margin sample 
the opaques are typically found as stringers and veinlets. 
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5.3. METHODOLOGY 
The Ulukila Formation consists primarily of volcaniclastic deposits; however; significant 
amounts of massive lava flows and pillow lavas are present and these rocks were sampled 
from throughout the volcanic outcrop. Over 70 samples of volcanic and plutonic rock were 
collected. Feldspar-phyric rocks (see above) are the most prominent lava type in the 
formation; however, where possible, unaltered, aphyric lava samples were collected. Due to 
the lack of a detailed internal stratigraphy in the Ulukila Formation the samples were 
grouped by area / locality. 
After trimming, to remove weathered edges, crushing and powdering the samples were 
prepared for, and analysed by XRF following the method outlined in Appendix 3 (Fitton et 
al. 1984, 1998). The results are also presented in Appendix 3. 
5.3.1. Sample Screening 
In order to obtain the best quality data for interpretation samples were screened to remove 
rocks that were not basalts and those which underwent some alteration. The following 
criteria were used, with care, to eliminate samples: 
o Si02 >55wt%or<43wt% 
• MgO<4wt% 
• CaO outside the range of 5-15 wt % 
Loss on ignition (LOl) was high in some of the rocks and is indicative of alteration. Samples 
with high (> 10 %) were flagged, in order to be removed at a later stage if problematic. LOl 
results were in general large (commonly> 4 %). To reduce this effect, remaining samples 
were recalculated on a volatile-free basis. Values of TiO 2 wt % were also recalculated to Ti 
ppm for use in certain discrimination diagrams (see below). 
The results for the remaining samples were further checked for alteration by comparing MgO 
with Cr and Ni (Fig. 5.1; Dixon pers. comm. 2000). Rocks with high MgO but very low Ni 
and Cr could be chloritised non-basalts and thus should be removed. Figure 5.1. shows that 
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Figure 5.1 - Plots of: A) MgO (wt %) vs Ni (ppm), and B) MgO (wt %) vs Cr (ppm) to screen 
for chloritised non-basalts (high MgO with very low Cr or Ni). 
5.4. RESULTS AND TECTONIC IMPLICATIONS 
The object of the geochemical study presented here was to make inferences about the 
tectonic setting in which the Ulukila Formation was erupted; it has long been known that 
the abundances and ratios of trace elements that are relatively stable during alteration can be 
used to determine rock-type and tectonic environment (Pearce & Cairn 1973; Floyd & 
Winchester 1975, Winchester & Floyd 1977). 
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Variations in trace element distribution can be assessed by normalising the data to MORB 
and presenting the data as spider-diagrams (Pearce 1983). In the "spider-diagrams" 
immobile LILE (large ion lithophile) elements are plotted on the left of the diagram (Sr - 
Ba) with incompatibility increasing from Sr to Ba. Immobile elements are plotted on the 
right of the diagram with incompatibility increasing from right to left (Y-Nb). These include 
the HFSE (high field strength elements) Nb, Zr and Ti. La, Ce and Nd are REE (Rare Earth 
Elements), whilst Y is not, but behaves similarly to Yb, a Heavy FEE. Characteristic 
patterns of enrichment and depletion relative to MORB, controlled by magma genesis and 
element mobility, allow inferences about tectonic origin to be made. Tectonic 
discrimination plots can also be used (Pearce & Cann 1973; Pearce & Norry 1979; Pearce 
1982) to infer the setting of magma genesis. 
5.4.1. Comparison to chemicaicharaCteristiCS of average basalts 
The results of XIRF analysis on the samples remaining after screening are presented in 
Appendix 4 and in this section the implications of these results are discussed. The data are 
initially compared to average compositions for basalts from different tectonic settings and 
thus somewhat characterised. Further inferences are then made by comparison of the data 
with MORB, using the method of Pearce (1983). Following this, some tectonic 
discrimination diagrams are presented and discussed. The discrimination diagrams are only 
tentatively employed to confirm the preceding discussion. 
Table 5.1 shows chemical characteristics of basalts from different tectonic settings (Pearce, 
1982). Two representative samples from the analysis of Ulukila Formation lavas are also 
shown for comparison. 
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Mid-Ocean Ridge Within-Plate Volcanic Arc UIukila 
Formation 
TholeiiticlTransitional Thole litic Alkaline TholeiiticlCalc-AlkalinelShoshonitiC 51AR 1121GO 
K20 0.2 0.51 0.5 1.5 0.43 0.94 2.51 1.4 3.6 
Rb 2 6 7.5 40 4.7 23 51 36.2 138.3 
Ba 20 60 100 600 60 260 609 671.4 761.2 
ri02 1.4 1.39 2.23 2.9 0.84 0.98 0.94 1.1 1.4 
Zr 90 96 149 213 40 71 87 186.0 213.7 
P205 0.12 0.18 0.25 0.64 0.08 0.19 0.44 0.4 0.8 
Ce 11 23.3 31.3 96.8 6.94 29.3 50.2 84.4 137.4 
Nb 4.6 16 13 84 1.7 2.7 8.4 12.4 23.4 
Sr 121 196 290 842 231 428 934 563.6 266.4 
Ni 90 130 70 90 18 50 14 89.2 147.4 
( 33 25 26 25 17 22 22 23.7 25.6 
40.6 36.6 32.6 26.2 40 32 28.3 16.6 28.8 rccr I 	351 411 352 536 111 160 100 185.3 310.3 
Table 5.1 - Chemical characteristics of mid-ocean ridge (MORB), within-plate and volcanic 
arc basalts, with two of the Ulukila Formation analyses (adapted from Pearce, 1982). All data 
are in ppm apart from K20, Ti02 and P 20 5 , which are in wt.%. 
Table 5.1 clearly shows that the Ulukila Formation lavas are most like Within-plate 
Alkaline (WPA) basalts, although some deviations from this pattern are seen. Figure 5.2 
shows the compositional data for the Ardiçh and Gödeli rocks normalised to the WPA and 
MORB data from the table above. The relatively enriched nature of the Ulukila lavas 
relative to MORB is seen in the raised profile of the dashed lines (data are normalised to 
MORB); the compositional similarity to WPA basalts is seen in the solid lines, which plot 
close to the value of one. Deviations from the WPA pattern are again seen, notably 
depletion of Ti02 and Nb. 
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Figure 5.2 - Graphs showing analysis results of Ulukila Formation rocks from Ardiçh (A) 
and Gödeli (B) normalised to the average compositions of Within-plate Alkaline rocks (solid 




5.4.2. Trace element spider diagrams 
Figure 5.3 shows the data remaining after screening normalised to MORB and arranged in 
the manner suggested by Pearce (1983). The normalising data used are from Pearce (1982) 
and Saunders & Tarney (1984) and are shown in Appendix 3. 
The main feature of the graphs is the enrichment of LILE' s (Sr-Ba) (which increases with 
incompatibility) and enrichment of the LREE elements. The right hand side of the graphs 
the values are close to unity. Pearce (1982) relates this pattern, in general, to fractional 
crystallisation. The elements present are incompatible with a basalt magma crystallising 
with olivine, plagioclase and clinopyroxene, except Sr (compatible with plagioclase) and Cr 
(compatible with mafic phases) and as a result, the left-hand side of the diagram becomes 
enriched (i.e. moves up) during fractional crystallisation. This pattern infers magma genesis 
in a within-plate setting. 
It also notable that the LILE' s (Sr-Ba) and LREE' s (La-Ce) are more enriched than the 
HFSE's (Nb, Zr and Ti), most notably Nb (seen in Section 5.4.1 above). Lesser enrichment 
of Nb compared to the LILE's and LREE's can be interpreted as being derived from a 
mantle enriched by a subduction component (Pearce et al. 1990; Keskin et al. 1998). This 
pattern is typical of Volcanic Arc Basalts (VAB; i.e. subduction related), which is considered 
to occur because the LILE have a low ionic potential and are easily mobilised by aqueous 
fluids, as such they are introduced to magma above a subduction zone in aqueous fluids 
driven off subducted oceanic crust and sediment (Pearce 1982). Nb has a high ionic 
potential and is immobile in aqueous fluids and thus enrichment does not occur. It should be 
noted that assimilation of crustal rocks can also prevent enrichment of Nb (Keskin et al. 
1998) and Pearce & Cann (1973) advise caution when using spider-diagrams in regions 
which may be rift settings (continental) for this reason. Therefore the presence of a Nb 
anomaly is not absolute proof of an inherited subduction signature. Metasomatism can also 
produce a relative depletion of Nb (Keskin et al. 2001) and must also be considered a source 
of the Nb anomaly. However, as even the most basic, unaltered samples show the negative 
Nb spike a subduction signature is a likely source. Similar trace element patterns are seen in 
lavas from the Erzurum-Kars Plateau, NE Turkey (Keskin et al. 1998), the northern part of 
Eastern Anatolia (Pearce et al. 1990) and around the çankin basin (Keskin et al. 
2001); in 
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Figure 5.3 - Graphs of Uluki1a Formation lava compositions normalised to MORIB (MORB 
data from 
Pearce 1982 and Saunders & Tarney 1984). A) to D) show rocks from Ardiçli, 
Gödeli, Husinye (near Ovacik), and çaykavak respectively; E) shows rocks from Kizilkapi 
(Postali), Alihoca and cat Mah (Figure 3.1). 
The subduction signature (negative Nb spike) observed in the geochemistry of the U1ukila 
aneous 
Formation lavas is believed to be inherited, rather than representative of contempor  













• Aspects of the geochemistry other than the Nb and Ti0 2  are indicative of a within-plate 
setting. 
• The tectonostratigraphy of the Ulukila Basin is not suggestive of a subduction system 
origin, i.e. there is no evidence of a trench and accretionary wedge within the basin. 
• An arc develops as a build-up of material, whilst the Ulukila Basin is characterised by 
subsidence and collapse. 
• Plutonic intrusions in the Ulukila Basin are reported to be of with plate collisional 
origin (see below). 
Given these points the subduction signature is believed to be inherited from a subduction 
zone that was active in the area prior to formation of the Ululula Basin. The location of the 
subduction zone is difficult to establish, although subduction of an Inner Tauride Ocean 
between the Bolkar Carbonate Platform and the Nigde-K1rehir Massif is a strong 
possibility; this is discussed more fully in Chapter 7. 
5.4.3. Discrimination diagrams 
To briefly summarise the findings so far, MORB normalised spider-diagrams suggest the 
Ulukila Formation was erupted in a within-plate setting, but the chemistry is modified by an 
inherited subduction signature (relative depletion of Nb and T10 2 
 (HF SE)) and thus is a 
combination of chemical signatures. In this section the data are plotted on discrimination 
diagrams; however, such diagrams have to be employed cautiously given the hybrid nature 
of the Ulukila Formation signature and the potential rift, rather than oceanic setting. The 
diagrams used are those that discriminate WPB; however, many of these use Ti, which in the 
Ululula rocks is depleted. Thus, it can be expected in advance, that the rocks will plot 
outside of the fields where Ti is used. The same can be said for any plots involving Nb. 
The first example of this problem is seen in Figure 5.4 (Pearce 1982), which uses Ti and Zr 
to discriminate between VAB, MORB and WPB. The diagonal line on the diagram divides 
basic rocks from evolved rocks. The samples remaining after screening are all basalts and 
the least evolved rocks available. Due to depletion of Ti the Ulukila basalts plot below the 
diagonal line in the evolved part of the diagram. This also causes some 
of the samples to 
plot in the VAB field rather than the WPB. Without depletion of Ti it is reasonable to 
suggest that the rocks would plot in the WPB field. 
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Figure 5.4 - Discrimination plot of Ti V '
s Zr (after Pearce 1982). 
The same problem is seen in Figure 5.5, a ternary plot, again using Ti. As a result of the 
relative depletion of HFSE' s the data plot in the CAB (CaIc-alkaline basalt) field. It is 
notable that the deviation from the WPB field is always toward (or into) the CAB fields, 
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Figure 5.5—Ternary plot of Ti-Zr-Y (after Pearce & Cann 1973). Black rectangles are plots 
of lava data and open symbols are intrusive rocks (see below). 
This problem is further highlighted in Figure 5.6, which shows two more discrimination 
diagrams using Ti. In Fig. 5.6b the effect of relatively depleted Nb causes the Ulukila rocks 
to plot further into the VAB field. 
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Figure 5.6 — Discrimination plots of a) ZrIY V's ThY (Pearce 1975) and b) Ti/Y v's Nb/Y 
(Pearce 1982). (See Fig. 5.4 for key). 
Figure 5.7 is a discrimination diagram that uses neither Ti nor Nb, and as expected the 
Uluki1a Formation lavas plot in (or near to) the WPB field. However, it has been shown 
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that, in general, standard discrimination diagrams are inappropriate for investigation of lavas 
which possess a hybrid chemical composition. 
100.00 
>: 	
(WPB & MO2 ,7"
WP EB 
N 	 RB 
VAB 
(VAB & IOF) 
1.00 	
100.00 	 1000.00 10.00 	
Zr (ppm) 
Figure 5.7—Discrimination plot of Zr/Y v's Zr (after Pearce & Norry 1979). (See Fig. 5.4 for 
key). 
5.5. PLUTONIC ROCKS 
The plutonic rocks of the U1ukila Formation are discussed in Section 3.4.3. and have 
received considerable attention compared to the sedimentary rocks in the Ulukila Basin. A 
further detailed study was beyond the scope of this project; however, samples were included 
in the XRF analysis for a brief assessment and comparison with the Ulukila Formation lava 
samples. Other intrusive bodies analysed include the Horoz granite, which intruded into the 
Bolkar Carbonate Platform, and the Uckapih granite of the Nigde-Kirehir Massif data from 
two samples of the Uckapili granite analysed by Noah Jaffey during his study of the Ecemi 
Fault Zone are also included. Table 5.2 shows the samples of intrusive rocks included in the 
study. 
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Sample No. Intrusion Locality 
115 IN Uçurum (margin). 
Near ciftekoy 
Uçurum (centre)  
116 IN Uçurum (centre) 
117 IN 
MC32 Yag1ita (margin) North of çiftehan 
71 IN Horoz 
Transect from D750 to 
Horoz 
Horoz  
72 IN Horoz 
73 IN 
127 Nide Uckapili (Nigde massif) 
Approximately 10 km west 
of.çiftehan 
Uckapih (Nide massif)  
318B Uckapih (Nigde massif) 
318A 
Table 5.2 - Samples of intrusive rocks included in XRF analysis in this study. 
Comparison with the UIukiIa Formation lavas (UIukiIa Basin) 
Figure 5. 8a shows MORB-normalised spider diagrams for the Ucurum intrusion near the 
village of ciftekoy; samples from the margins of the Ucurum and Yaglita§ are shown, and 
lava samples 51AR and 121G0 (Table 5.1) are also shown for comparison. The margins, as 
described in Section 3.4.3.2., are heavily altered and weather easily. The marginal zone of 
the Yaglita§ intrusion is approximately 50 in thick, whilst the margin of the Uçurum 
intrusion is between 200-300 in thick and thus seem to be very roughly proportional to the 
intrusion size. MORB-normalised patterns are chose for comparison with the lava samples, 
including those in Fig. 5.3. There are clear similarities between the intrusive rocks and the 
lava samples in the diagram. The patterns are the same, although the intrusive rocks show a 
higher level of enrichment of LILE and light REE. When all of the lava samples are plotted 
with the intrusive samples (not shown), this is also the case, although they are not always 
higher and some lavas show more enrichment. The data from the intrusion margins clearly 
deviate from the patterns for both the core of the intrusions and the lava samples 
The small sample set presented here gives only limited information about the intrusions; 
however, the similarity to the lava samples suggests that the intrusions could be co-genetic 
with the lavas. The strong and erratic deviations of the sample from the margins may be 
indicative of the hydrothermal alteration and assimilation of country rock at the margins of 
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Figure 5.8 - Spider diagrams of intrusion samples in the Ulukila area normalised to MOR.B, 
for comparison with the lava samples. a) shows samples from the centre of the Uçurum 
intrusion and samples from the altered margins, with Ulukila lava samples (51AR & 121G0) 
for comparison (grey lines), b) shows the Ucurum traces with samples from the Horoz pluton 
and c) shows the Ucurum traces with samples from the Uckapih granite of the Nigde Massif 
(127 from this study and 318A & B courtesy of N. Jaffey). 
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Comparison with the Horoz Pluton (Bolkar Carbonate Platform) 
Figure 5.8b shows similarities in the geochemistry of the Uçurum intrusion and the Horoz 
intrusion further south (Fig. 5 .8b). The Horoz intrusion is dated Late Cretaceous (Kucu et 
al. 2001) or Late Cretaceous-Palaeocene (çevikba et al. 1995) and is intruded into the 
northern margin of the Bolkar Carbonate Platform. The intrusion is primarily homblende-
biotite granodiorite and fine-to medium-grained biotite granodiorite (çevikba et al. 1995) 
and is attributed to a syn-collisional origin (çevikba 1991), developing in a thickened crust 
(Boztug et al. 2001; Kucu etal. 2001). Boztug etal. (200 1) report a link between the 
Horoz pluton and the intrusions in the U1ukila Basin, although they infer the Ulukila Basin 
intrusions to be the result of post-collisional thinning. Figure 5.8b shows spider diagram 
traces for the Uçurum intrusion and the Horoz granodiorite. The Horoz Pluton shows a 
similar pattern of selective enrichment to the U1ukila Basin intrusions and lavas, which 
could be indicative of this link; however, the Uçurum intrusion shows a greater amount of 
enrichment relative to MORB compared to the Horoz pluton. 
Comparison with Uckapili Granite (Nide Massif) 
Figure 5.8c shows the traces for the Uçurum intrusion compared with samples of the 
Uckapili granite from the Nigde massif. In Section 2.7.2.1 the Uckapili 'granite' is briefly 
described with respect to its tectonic history based on work by Whitney & Dilek (1997, 
1998). The pluton consists of monzonite to syenitic granite (Akiman etal. 1993) and is 
intruded into all of the rocks of the Nigde Group of the Nide massif (Whitney & Dilek 
1998). The intrusion is dated at 95 ± 11 Ma by Goncuoglu (1986), although a significantly 
different crystallisation age is given by Whitney & Dilek (1997 & 1998) of 13.7-20 ± 6 Ma, 
as discussed in Section 2.7.2.1. Akiman etal. (1993) relate the Uckapili granite formation to 
post-collisional thickening of Nigde-Kirehir Massif in response to a collisional event pre-
upper Cretaceous. Whitney & Dilek (1998) also relate intrusion magmatism to crustal 
thickening, but in this case the thickening results from post-collisional compression 
(presumably?) in the Oligocene. 
Neither of the ages given above suggest a particular connection between the intrusions in the 
Ulukila Basin and the Uckapih granite. Figure 5.8c also gives little indication, and so, 
given the paucity of data available here, no inferences are made with respect to magmatism 
in the Nide massif. 
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5.6. SUMMARY - GEOCHEMISTRY 
In summary, the geochemical study of the Uluki1a Formation lavas and intrusive rocks 
presented here raises the following points: 
• Volcanic rocks of the Ulukila Formation originated from a within-plate 
setting. 
• The volcanic rocks may provide evidence for a pre-existing subduction 
zone. 
• Intrusions in the Ulukila Formation (Ucurum intrusion and others) 
were probably co-genetic with the lavas. 
• The Uçurum intrusion (and others in the basin) may be linked to the 
Horoz granite and it could be tentatively suggested that the Uçurum 
intrusion is a later stage, more enriched example of the same phase of 
magmatism. 
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CHAPTER 6. STRUCTURAL GEOLOGY 
6.1. INTRODUCTION 
In this chapter the geology and structural history of the Ulukila Basin is discussed. The 
Ulukila Basin has a diverse structural history dominated by compressional features, but with 
an influence of extensional and strike-slip deformation. It is clear from Figure 6.1. that the 
region is dominated by large scale folding, most notably a map-scale, westward plunging 
syncline in the south of the basin. Other prominent features include thrust faulting 
concentrated at the southern margin of the basin and around the outcrop of the Ulukila 
Formation. 
It is important to consider the structural history of the Basin as it can shed light on the 
development and reconstruction of the basin from initiation right through to the present day. 
With respect to this project, which looks at the regional tectonic history of the area, 
developments within the basin can then be related to the regional tectonic setting outwith the 
basin. 
Previous work on the structural history of the Ulukila Basin is very limited. Blumenthal 
(1956) recognised that there were several events in the basin's history including Upper 
Eocene folding and a later compressional event that gently folded Oligocene rocks; he also 
recognised the importance of an unconformity between the Eocene and Oligocene rocks. 
Oktay (1973 & 1982) also recognised multiple events when describing the structural history 
of the area around Ulukila (see Section 2.2.2.). He divided the structural history into three 
events, a compression stage that created the folding, a second stage of compression and 
uplift in the Lower - Middle Miocene and a stage of extension resulting in lacustrine 
sedimentation in the Pliocene. The division of the structural history into discrete events is 
appropriate and both studies result in a useful appreciation of the complex structural history; 
however, there is limited discussion of how these events were charactensed and the basis for 
their interpretation. 
Demirtah et al. (1984), in producing a detailed geological map, recognised the structural 
features in the basin, which are clearly shown in cross-sections; however, there is no 
discussion with regard to the origin of the features. A major thrust in the Bolkar Carbonate 
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Figure 6.1. (2.14) - Simplified geological map of the Ulukila Basin, outlining the distribution 
of the major rock types and highlighting the large scale structural features of the Ulukila 
Basin, (modified after Demirtah et al. 1984). Thin straight lines show the location of cross-
sections in Figure 6.29. 
Here, the division of the structural history of the basin into discrete deformation events is 
refined and the style of these events is outlined using data collected in the field. Section 6.2. 
presents the main body of data and, for the sake of continuity, the section is subdivided into 
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events of basin development, with justification of this subdivision included in each division. 
The first three events (ophiolite emplacement, basin initiation and compression) were easily 
delineated from the existing work. For example, the presence of an ophiolite mélange means 
it must have been emplaced and the structural evidence of emplacement may be preserved in 
the rocks on the basin. The second stage is that of basin initiation. The subsidence evident 
from deposition of a thick sequence of sedimentary rocks is likely to have been accompanied 
by extensional faulting and evidence for this was sought out in the basin. The role of the 
Nigde-Kirehir Massif is also discussed here. The third stage, that of compression, is clearly 
evidenced in the geological map and cross sections of Demirtali etal. (1984), which show 
large-scale (km) folds in the basin and the presence of large thrust faults. Compressional 
deformation of the Bolkar Carbonate Platform is also recorded by several authors, 
(Demirtali et al. 1984; Dilek & Moores 1990; Goncuoglu et al. 1991; Jaffey & Robertson 
2001; Jaffey 2001). In this chapter the relationship between deformation in the Bolkar 
Carbonate Platform and the Ulukila Basin is discussed. The role of the unconformity 
recognised by Blumenthal (1956 - see above) is also discussed. 
The second three events (secondary extension, further tightening and strike-slip faulting) are 
less apparent from the map of Demirtali et al. (1984) and were determined during fieldwork 
in this study. The first of these events is a second stage of extension, which most clearly 
manifests itself as the Aktoprak Sub-basin. The last two events highlighted during fieldwork 
are a second phase of compression and a phase of strike-slip deformation that cuts the early 
deformation and is mostly apparent as reactivation of pre-existing faults. An early 
hypothesis is that these later events relate to the post-collisional history of the basin. This 
part of the history of the basin was covered to some extent by Oktay (1976 & 1982), who, in 
his second phase and third phase deformation (Section 2.1.2.), recognised later 
compressional and extensional movements in the basin. 
In summary, six deformation events are recognised here and are outlined in the following 
section. They are: 
• Creation and emplacement of ophiolite and ophiolitic mélange. 
• Basin initiation and extension. 
• Compressional deformation. 
• Secondary extension (Aktoprak sub-basin). 
• Further tightening. 
• Strike-slip faulting. 
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6.2. DESCRIPTION AND DISCRIMINATION OF DEFORMATION EVENTS 
IN THE ULUKILA BASIN HISTORY 
6.2.1. Creation and emplacement of ophiolite and ophiolitic mélange 
The Alihoca Ophiolitic Mélange mostly crops out along the southern margin of the Ulukila 
Basin forming a thin strip along a valley from Alihoca to Maden villages (See Sections 2.3.1. 
& 3.2.). Deformation of the mélange is intense, affecting the clasts and the matrix. 
Recordings were taken of structural features along the Alihoca valley to determine if any of 
the emplacement history is recorded. 
The Mélange has a strongly sheared matrix, which is highlighted by a foliation present 
through most of the outcrop. The foliation is varied and in some instances is a continuous, 
fine, planar cleavage, whereas in other parts, the foliation is spaced and displays 
asymmetrical crenulation. In these circumstances the deformed matrix has the appearance of 
an S-C tectonite (Twiss & Moores 1992). In general, the foliation in the matrix displays no 
preferred orientation and is, therefore, likely to predate emplacement of the mélange. The 
only area where a regular cleavage is seen is very close to the margin of the Bolkar 
Carbonate Platform, relating to deformation of the Platform (see Section 6.2.3.3.). A 
cleavage is also seen related to folding within the ophiolite mélange, as discussed below. 
Several examples of folding are seen in the mélange. One example is seen west of Alihoca 
village within a large clast of limestone. Steeply dipping beds of limestone are cut by a 
regular planar cleavage (Figs. 6.2 & 6.3), both dipping to the south, the limestone beds 
dipping more steeply. Toward the top of the exposure the limestone is folded. As shown in 
the field sketch (Fig. 6.2.), the limestone is folded towards the south. The cleavage is 
"kinked" along one of the beds, perhaps relating to bedding slip during folding. The 
cleavage "fans-out" making this a class 1C fold (Ramsay 1967). The orientation of these 
structures again suggest that they are related to deformation of the Bolkar Carbonate 
Platform (see below, Section 6.2.3.3.) rather than deformation related to emplacement of the 
Mélange itself. 
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Figure 6.2 - Field sketch of folded rocks of the Alihoca Ophiolitic Mélange at the margin of 
the Bolkar Carbonate Platform 
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Figure 6.3.— Bedding-cleavage intersection on surface of a block of limestone in the Alihoca 
Ophiolitic Mélange. The photo is oriented north-south, with north on the right. The cleavage 
runs diagonally from bottom-left of the photo to top-right. Bedding is steeply dipping to the 
south, roughly parallel to the handle of the hammer (for scale). - 
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The Alihoca Ophiolitic Mélange is cut by many faults and the data are recorded in table 6.1. 
It is clear that the faults recorded represent more than one phase of deformation, as displayed 
by the spread of data in a stereonet plot of the faults (Fig. 6.4). The kinematics of the 
individual faults (recorded by slickenlines and S-C tectonite structures) are shown in the last 
column of Table 6.1. and again suggest multiple deformation events are represented. It is 
likely that the faults in the Alihoca Ophiolitic Mélange record both the emplacement history 
and the later deformation of the Uluk1a Basin, although the complexity observed means 
delineation of individual events is difficult. 
Locality Strike Dip Attitude SI. Pitch  Kin. 
East of 189 38 N 
Alihoca 164 28 S 28 031 
village 060 64 N 
062 64 E 21 E Dextral 
042 34 N 
113 41 NE 
043 80 N 21 E Oblique 
(D. N.) 
073 37 N 33 E Oblique 
(D.N.) 
005 82 E 6 E Sinistral 
126 17 E 
176 55 E 
325 39 E 
054 80 N 50 054 Sinistral 
East 100 44 N Normal 
Alihoca 039 78 N 27 210 Sinistral 
Village 030 38 N Normal 
051 57 N 75 051 Normal 
129 44 N Normal 
179 57 E 40 359 Oblique 
(D.N.) 
West 114 58 S 76 294 Reverse 
Alihoca 089 60 5 12 089 Sinistral 
Village 040 69 SW 14 040 Dextral 
048 88 5 8 040 Sinistral 
lKmWest 164 47 E 
ofAlihoca 116 48 W 
Village 092 64 5 19 W Dextral 
108 85 N 30 W Dextral 
355 57 E 12 N Sinistral 
123 40 N 
340 59 NE 31 N Oblique 
(S.N.) 
120 84 NE 30 NW Oblique 
(D.N.) 
180 52 NE 26 N Oblique 
Table 6.1. - Fault plane data from the Alihoca Ophiolitic Mélange recorded around the village 
of Althoca. 
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Figure 6.4 - Equal-area projection stereoplot of poles to fault planes recorded in the Alihoca 
Ophiolitic Mélange. 
In summary, the outcrops of Alihoca Ophiolitic Mélange apparently record much of the 
deformation that has occurred in the basin, resulting in a complex set of structures and, as 
such, no direct indicators of the emplacement history were delineated from this work. The 
intense deformation of the mélange is a reflection of the strong deformation involved in 
ophiolite and ophiolitic mélange emplacement, but unravelling the separate stages of 
deformation from the mélange was beyond the scope of ii;. tiidy. Studies of the associated, 
and more complete, Pozanti-Karsanti Ophiolite yield considerably more information about 
ophiolite emplacement in this region (Polat 1992; Polat & Casey 1995; Lytwyn & Casey 
1995; Dilek et al. 1999; Parlak et al. 2000). 
6.2.2. Basin initiation and extension 
The Ulukila Basin contains over 3 km thickness of sedimentary and volcanic rocks that 
record extensive subsidence, mostly concentrated in the Palaeocene. As described in the 
Subsidence History section (4.4.) the basin is the result of extension and/or regional strike-
slip tectonism, rather than flexure. Given this, and the presence of volcanics, we would 
expect to observe evidence of extension preserved in the basin as normal and/or strike-slip 
faults. During the fieldwork normal and strike-slip faults were recorded; however, only a 
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limited number of each were observed compared with the number of compressional features 
within the basin. In general, strike-slip activity was limited to the reactivation of pre-
existing reverse faults, therefore post-dating the compressional deformation phase (Late 
Eocene, see below). 
Normal faulting is present throughout the basin, although is typically restricted to outcrop 
scale faults and, as Figure 6.5 displays, no preferred orientation is seen. To suggest that 
these relatively sparse and erratically oriented faults represent the extension of the basin 
would be unreliable. It is therefore apparent that the later phase of compression has 
overprinted evidence of extension and normal faulting that is likely to have formed the basin 
and accompanied subsidence. Thus, extension can only be related to the sedimentary history 
of the basin. 
Figure 6.5 (6.26) - Stereoplot of poles to normal faults measured in the U1ukila Basin. Poles 
show a large spread, although some grouping of faults dipping to the NW is observed. 
6.2.2.1. 	Exhumation of the Nide-Kirehir Massif 
Large-scale extensional faulting is only seen at the northern margin of the Ulukila Basin 
where a faulted contact is recognised between the Nide-Kirehir Massif and the 
sedimentary rocks of the Ulukila Basin (Whitney & Dilek 1997; Dilek & Whitney 2000; 
Gautier etal. 2001; Fayon etal. 2001). For the most part the activity along this fault plane 
relates to uplift of the Nigde Massif alone, as distinct from the entire Nigde-Kirehir Massif. 
The southern margin of the Nigde Massif is a low-angle (_300)  south dipping fault zone, 
expressed in the footwall as a zone of ductile deformation (Whitney & Dilek 1997). The 
timing of activity on this fault is disputed. Whitney & Dilek (1997) and Dilek & Whitney 
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(2000) report extensive movement in the Miocene accommodating uplift and exhumation of 
the Nigde Massif. However, Gautier et al. (200 1) report movement in the Late Eocene based 
on nummulitic rocks covering the faulted metamorphic contact (Yeti 1984; Toprak & 
Goncuoglu 1993; Kaleboyu Fm. Yeti et al. 1995), the Bozbeltepe Formation of this study. 
In this study, the provenance of quartz-rich sandstones in the Bozbeltepe Formation in the 
north of the basin suggests that the Nide Massif was exposed during Early Eocene (Section 
3.6.1.4.). The Bozbeltepe Formation represent the oldest rocks exposed in this part of the 
basin and thus provenance studies for the Palaeocene close to the Nigde Massif were not 
possible. However, if the fault was active in the Early Eocene accommodating uplift and 
erosion of the Nigde Massif this may have been the case earlier in the history of the U1ukila 
Basin accommodating basinal extension. Normal faults at the southern margin (inferred 
from the sedimentology of the Aktatepe and Halkapinar Formations) are assumed to be of 
relatively high-angle dips (>50°), in order to induce catastrophic re-sedimentation on 
oversteepened slopes and faults scarps. If the Nigde Massif bounding fault were active in 
the early history of the basin, it could be assumed that the fault was a low-angle (-j 30°) 
structure at this time. This arrangement would result in an asymmetrical pattern of faults 
controlling the early subsidence of the Ulukila Basin and, if correct, would be suggestive of 
a rift type setting. 
N 
Normal faulting at 
Possible low-angle 	 southern margin 
of Uluki Ia Basin faulting of basin succession 
- 	at northern margin 	 / 
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Figure 6.6 - Schematic diagram of the asymmetrical faulting arrangement that may have been 
active in the early history of the UlukiIa Basin. 
Normal-faulting at the southern margin of the Nigde Mässif early in the history of the 
Ulukila Basin would not preclude large-scale extension along the fault and uplift of the 
Nide Massif in Miocene times (Whitney & Dilek 1997, Dilek & Whitney 2000, Fayon et al. 
2001). The possibility that a low-angle normal fault was acting at the northern margin of the 
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Ulukila Basin has strong implication for the tectonic history of the basin and is discussed 
further in Chapter 7. 
6.2.3. Compressional deformation 
6.2.3.1. 	Folding 
The section on folding is initially separated into a part on large folds that dominate the 
structure of the basin and then a section on folds at outcrop scale. The two are brought 
together at the end of the section. 
Basin-scale folding 
Folding is a common structural feature in the Ulukila Basin, ranging from outcrop-scale 
folds (with dimensions of less than a metre), to basin-wide scale folding evidenced by the 
"V-shaped" outcrop pattern of some of the rock units on the geological map of the basin 
(Fig. 6.1). 
As mentioned above, the south of the area is dominated by a large-scale westward plunging 
syncline. Figure 6.7a shows poles to bedding from all units in the area between the villages 
of Maden and Hasangazi (Fig. 3. 1, Section 3.1.). An estimated fold profile plane is shown as 
a great circle. The figure highlights the ENE-WSW orientation of the fold and also shows 
the relatively open, symmetrical and upright form of the fold. The profile plane is suggestive 
of a gentle (10-20°) plunge toward the WSW. 
The geological map (Fig. 6.1) shows the continuation of these features westwards and a 
syncline of similar size and form around the village of cakillar. Figure 6.7b is a stereonet of 
poles to bedding around this fold and shows an overall strike-swing toward an E-W 
orientation. The fold is again symmetrical, relatively open (although slightly more closed 
than the fold in the east) and upright (although slightly tilted to the south). The profile plane 
again suggests a plunge of 10-20°, toward the west, in this example. 
Figure 6.7c shows poles to bedding for the area around Basmakçi village in the central-
northeast part of the UIukila Basin. A syncline was mapped in the Bozbeltepe Formation 
turbiditic rocks to the west and north of the village. The structure is expressed in the 
topography of this area, which is an elongate, shallow valley of soft terrain and heavily 
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cultivated, in contrast to the surrounding Uluki1a Formation volcanic rocks. The pattern is 
again similar and repeats the ENE-WSW orientation seen in the southeast of the basin (Fig. 
6.7a). However, in this area the fold plunges to the ENE (rather than WSW). 
N 	 N 	 N 
7~ - 
Figure 6.7. - Poles to bedding planes for large-scale folds in the Ulukila Basin - a) From 
Maden village to Hasangazi (SE part of basin); b) around cakillar village (SW part of basin); 
c) around Basmakci (Central / NE part of basin). Stereonets are equal-area projections 
Basin-scale folding is also seen in the eastern part of the Ulukila Basin. E-W trending 
kilometre-scale folds were mapped in the Ulukila Formation rocks along a north-south 
transect at the eastern edge of the basin. The mapped folds are open with gently dipping 
(<300) limbs, approximately 5km long. The folds were mapped largely in debris flow 
deposits. Intense folding of the Basmakçi Member is also seen around the village of 
Basmakçi. The folding is expressed in the outcrop pattern of the limestones (Fig. 6.8). 
Elongate curved outcrops of Basmakci Member rocks are seen across the hillside, which are 








Figure 6.8 Folding of the Basmakci Member expressed in the outcrop pattern of the 
limestone on a hill south of the village of Basmakçi. 
Outcrop-scale folding 
The orientation of large (map) scale folding is echoed at outcrop scale". Folds with 
amplitudes between I  and 5 km were observed throughout the Ulukila Basin, some 
examples are detailed below. 
Folds were observed in the Halkapinar Formation in a transect from çakillar Gorge to Biter 
Dag. Figure 6.9 shows open, asymmetrical, south-vergent, folds in the turbiditic rocks. The 
structure is brought out by weathering resistant sandstone beds. Axial planes of the folds 
strike at —110° and dip between 45 and 70°: thus, the noses of anticlines point south, towards 










Figure 6.9— Folding of Halkaprnar Formation turbidites north of cakillar Gorge. Photograph 
is oriented with north to the right (J. Danford, field assistant, for scale). 
Further north in the transect, in a river gully at the southern side of Biter Dag, the upper part 
of the Halkapinar Formation is intensely folded (Fig. 6.10). Bedding-slip and faulting to 
accommodate the deformation is common (Fig. 6.1 Ob). Again, south-vergent folding is 
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Figure 6.10 - Folding 
in the Halkapinar 
Formation exposed in 
a river gully in the 
south side of Biter Dag 
- a) Photograph is 
taken westwards with 
notebook for scale. 
South vergent kink 
folds are seen in the 
south dipping 
sandstone beds; b) 
tight folding of 
Halkapinar Formation 
with compass for 
scale, the lower half of 
the photograph 
showing a well 
developed fold; the 
upper half shows 
intense deformation to 
accommodate folding; 
c) nearly isoclinal fold 
plunging steeply at 80 
to the west. 
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Figure 6.11 - North-vergerit folds in the turbiditic rocks of 
the Bozbeltepe Formation - a) Small asymmetrical fold, with 
pen for scale (north to left of photo); b) larger fold (author as 
scale) with north oriented to the right of the photo; c) Another 
larger fold with similar form as the small fold in a), the photo 
is oriented with north to the left and shows a full view of 






Figure 6.11 shows folding at outcrop scale in the Bozbeltepe Formation at the type locality, 
the hill called Bozbeltepe east of U1ukila. The folding here is again asymmetrical; however, 
in contrast to the folding in the çakillar area, the vergence is to the north. The folds are 
generally cylindrical, open and rounded. The folds develop in the same style at varying 
scales, as shown in figures 5.11 a) and c), which demonstrates the same fold style at two 
scales. 
Figure 6.12 shows poles to limb surfaces of folds from three localities, at three different 
scales (within the range outlined above - im to 5km) from different levels in the Ulukila 
Basin stratigraphy. 
Figure 6.12 - Poles to limb surfaces of folds from three localities in the Ulukila Basin - a) 
Bozbeltepe (Bozbeltepe Formation); b) Kalkankaya (Kalkankaya Member); c) Ilhan (Uluki1a 
Formation); dotted lines represent best-fit profile planes through the folds. Stereonets are 
equal-area projections. 
Figure 6.12a shows poles to bedding from an upright symmetrical fold in the Bozbeltepe 
Formation with a wavelength of approximately 10 in and amplitude of 4-5 m. Figure 6.12b 
shows data from an upright (nearly vertical) symmetrical fold in the Kalkankaya Member 
with almost isoclinal limbs, the amplitude is much greater, up to 30 m. Finally, Figure 
6.12c shows a fold mapped in the Uluki1a Formation, north of the village of llhan. The scale 
of this fold is considerably larger (wavelength approx. 3 km). The stereographic projections 
are similar to those in Figure 6.7, which suggests that the "basin-scale" and "outcrop-scale" 
folds developed in response to the same compressional event. This is supported by Figure 
6.13, a plot of poles to profile planes from the previous six figures, which shows a strong 
clustering, and a gentle plunge of folds of approximately 10-20° to the ESE (apart from the 
pole for the profile plane of the fold in the central/NE part of the basin, Figure 6.7c, which 
plunges ENE). 
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Figure 6.13 - Poles to "best-fit profile planes" for the fold data detailed in Figures 5.7 and 
5.11 (equal-area projection). 
Discussion of folding 
The folding in the Ulukila Basin appears to exhibit a comparable style and orientation 
throughout and thus is likely to have occurred as the result of one compressional event. 
Figure 6.14 is a stereonet of poles to axial planes of all folds measured in the field. The 
majority of folds are oriented roughly E-W. There are, however, two sets, those with axial 
planes dipping to the north and those dipping to the south. Contrasting vergence is seen in 
figures 6.9 - 6.11, with the folds near cakillar verging to the south and those near 
Bozbeltepe verging north. If the folds are the result of one deformation event then they are 
likely to be higher order parasitic folds on the limbs of the largest, regional-scale, fold. The 
arrangement of the vergence fits this hypothesis, i.e. south vergent folds on the southern limb 
of the syncline (cakillar) and north vergent folds on the northern limb (Bozbeltepe). 
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Figure 6.14- Pole to axial planes of folds measured in the field (equal-area projection). 
Figure 6.15 shows the general arrangement of folds in the Ulukila Basin. Three orders of 
folding are shown, although in reality there is likely to be many more. It was beyond the 
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/ e.g. çaklIar, Fig 5.9 	North verging folds, 	_ 
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Figure 6.15- Schematic diagram of fold orders in the southern part of the Uluki1a Basin (not 
to scale), with reference to field photographs in Figures 5.9 - 5.11. The figure shows three 
orders of folding, although it is likely that more are present in the basin. The basin-scale 
syncline forms the 1 order, with out-crop scale folds at cakillar and Bozbeltepe forming the 
2nd and 3   orders. South and north vergent folds are shown on the corresponding limbs. 
This pattern of folding works as a general rule within the basin, however, at the margins the 
deformation of the Bolkar Carbonate Platform (See below, section 5.2.3.3) has an effect on 
the rocks within the basin. The Bolkar Carbonate Platform is thrust northwards and as a 
result folds at the very south of the basin show vergence to the north in response to this 
movement e.g. in the Kalkankaya Tepe area. 
6.2.3.2. 	Reverse faulting 
Thrust faults are common throughout the Ulukila Basin and are in general E-W oriented. 
The faults are inclined to both the south and the north with dips varying from 16 0 to 840 . 
Figure 6.16 shows poles to planes for reverse faults measured within the basin. The faults 
measured are from all scales and some examples show only minor displacement; others are 
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larger structures displacing complete units (e.g. along the southern margin of the Ulukila 
Formation.) Often, the type of displacement can only be inferred from S-C structures and 
small scale (<3 cm amp.) folding within the deformed rock of the fault plane. There is some 
clustering of planes dipping at about 400  to both the south and the north. The even 
distribution of thrust faults (to the north and south) displays a lack of structural vergence of 
reverse faulting in the basin. 
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Figure 6.16 - Equal-area projection showing poles to planes of thrust faults measured in the 
Ululula Basin. 
A possible control on the orientation of fault planes could be pre-existing faults. Normal 
faults are inferred at the southern margin of the Ulukila Basin from the sedimentology of 
the Aktatepe and Halkapinar Formations (Section 6.1.2.). These faults are envisaged to 
have run approximately E-W along the southern margin of the basin and would have been in 
an appropriate orientation for inversion under a roughly N-S oriented compressional regime. 
Inversion of normal faults may account for dips of up to 84° that are recorded for reverse-
fault planes. The following outlines some examples of thrust faulting recorded in the field. 
The first part highlights the concentration of thrust faults in and around the volcanic rocks of 
the Ulukila Formation. 
Thrust faults in the Ulukila Formation 
A major thrust fault runs E-W through the Ulukila Formation to the northeast of ciftehan 
and can be seen on the regional geological map (Figure 6.1, 2.14). The fault zone is also 
seen on the maps of cevikba & Ozuntali (1991), cevikba (199 1) and Atabey etal. (1990) 
and displaces the Omerli Member limestone such that it crops out within the outcrop of the 
Ulukila Formation. 
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In outcrop the fault is present as a wide zone of deformation rather than a single plane and is 
observed at a distance by the contrast of the white limestones of the Omerli Member above 
the fault against the dark rock of the Ulukila Formation. On the road to Ardiçh village from 
the main road (D-750, Fig. 3.1) the zone contains sheared pods of limestone and volcanic 
rocks and a large amount of brecciation. Some blocks of pelagic limestone, which appear to 
be çiftehan Unit, are also present in the brecciated zone. Locally, small scale S-C tectonites 
(bands 1-2 in thick) dipping to the north exhibit the reverse nature of the fault. A large 
number of mineralised veins are present, suggestive of large amounts of fluid flow. 
A valley heads west along the line of the fault zone from the above locality and the fault can 
be traced along this valley towards çiftehan. Along this zone fluid activity is evidenced by 
strong alteration of the volcanic rocks, for example to epidote. The rocks also exhibit S-C 
structures indicating top-to-the-south shearing. The zone of deformation associated with the 
fault is up to 50 m thick in places. 3 km northeast of ciftehan the Omerli Member is cut out, 
presumably as a result of the thrust fault changing level and only displacing volcanic rock 
against volcanic rock, or the fault tapering-out. 
Throughout the Ulukila Formation reverse faults with small displacements are observed. 
The faults typically dip steeply to the south (80% of faults seen) and have displacements of 
<5 m. Reverse kinematics are evidenced by S-C structures in the deformed rocks of the 
fault planes and slickenlines. Less commonly, displacements of individual volcanogenic 
beds are observed. The faults are mostly present in the area to the north of the large fault 
described above and appear to be evidence for thickening of the hanging wall of the major 
fault by localised back-thrusting and piggy-back thrusting. 
Central area (Ovacik) area thrusting of Ulukila Formation 
In Section 6.2.3.1. a large syncline to the west of Basmakçi is described. The contact 
between the Ulukila Formation and the Bozbeltepe Formation was mapped along the 
southern margin of this syncline, to the southwest of the village of Eminlik. The contact 
zone is very complex and involves both folding and faulting rather than the conformable 
contact seen elsewhere. The main feature is a thrust fault displacing the Ulukila Formation 
volcanics onto turbidites of the Bozbeltepe Formation (Fig. 6.17a). 
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The fault has an approximate strike and dip of212/28SE; however, as seen in Figure 6.17a a 
section through the fault is arcuate. Figure 6.18 is a block diagram that outlines the 
structure. Figure 6.17b shows folding in the footwall of the fault. Turbiditic sandstones of 
the Bozbeltepe Formation are folded in response to faulting above. The anticline in the 
footwall is paired by an isoclinal syncline on the hanging wall (Fig. 6.18), which has 
Basmakçi Member limestone in the overturned southern limb between the Bozbeltepe 
Formation and Ulukila Formation. Basmakçi Member limestone is not seen in the limb 
nearest the fault. This may be because the limestone is "cut-out" at some point in the 
deformation; however, it is more likely to be the result of restricted deposition of the 
Basmakçi Member sediments (Fig. 6.18). Both folds show a general displacement of 
material to the northwest, coinciding with movement along the fault plane. 
The footwall also shows intense brecciation (Fig. 6.17c). The breccia contains angular clasts 
(up to boulder sized) of both the Bozbeltepe Formation and lesser amounts of volcanic rock 
from the UIukila Formation. The matrix of the breccia is intensely sheared and also 
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Figure 6.17— Thrust faulting southwest of Eminlik village (Fig.3.1.) a) volcamclastic rocks of 
the Ulukila Formation are thrust on folded and brecciated rocks of the Bozbeltepe Formation 
(Rucksack for scale), b) close-up of contact displaying overturning of the well-bedded 
Bozbeltepe Formation in response to thrusting (hammer for scale), C) fault breccia beneath the 
thrust, hammer (for scale) marks a large block of lava in the breccia. 
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Figure 6.18 - Block diagram showing the faulted relationship between the Ulukila Formation 
(purple) and the Bozbeltepe Formation (orange) south west of the village of Eminlik. The 
Basmakc, Member (blue) is shown in the overturned southern limb of the syncline in the 
hanging wall and is depositionally cut-out somewhere beneath the ground surface. Green 
arrows represent stratigraphic younging direction. 
Southern area - (Ermirler & Teknecukuru) 
Reverse faults are not restricted to the Ulukila Formation and are seen throughout the 
Ulukila Basin. Another important fault occurs intermittently in the southern margin of the 
basin and again appears to coincide with regional folding. A roughly E-W oriented reverse 
fault is seen to the west of Gümü (Fig. 6.1), near the village of Ermirler. The fault dips to 
the north and there is evidence (S-C structures, folds in the fault-plane material, slickenlines) 
of top-to-the-south movement; thus, the hanging wall has moved up dip (Fig. 6.19). 
However, rather than placing older rocks onto younger rock, evaporites of the Kabaktepe 
Formation are moved onto older volcanic rocks, of the Ulukila Formation. The fault lies in 
the southern limb of the regional-scale syncline, which dominates this part of the basin. If 
folding occurred before development of the fault, then this north-dipping thrust would have 
moved younger rocks up dip from the core of the syncline onto older rocks in the syncline 
limb (Fig. 6.20). 
332 
A) 
io, ~ A;' 
0. 	 . 
p 	 -. 	 - 	.• ..-- 
1. 





Figure 6.19— Faulting at Emiirlcr. A) and B) show 
faulting in the Kabaktepe Formation with a hammer 
outlined for scale. The faults shown lie above the main 
fault separating the evaporites from the Ulukisla 
Formation volcanics. C) shows intense folding of 
evaporites close to the faults (pen in bottom right for 
scale) 







seen at Ermirler 
Figure 6.20 - Schematic diagram showing the relationship between folding and faulting 
evidenced in the Ermirler Area 
Further evidence of faulting of this style was observed east of Gümü, near the village of 
Teknecukuru. Evaporites of the Kabaktepe Formation are thrust onto Gümü Member 
limestone by a steep north-dipping thrust. Again, kinematics suggest top-to-the-south 
displacement. In the fault zone the evaporites are sheared-out" into ellipse shaped pods 
(Fig. 6.21) and the fault-zone rocks are folded in the same way as those at Ermirler. 
334 
- 	
£ 	 - 	 - 
- 	- 	
- 	 : 
p  
ok 





.,._'4•.. 	 . 
II 
Figure 6.21 - Thrust faulting near i4  
Teknecukuru village (4 km east of Gümü). 
The photograph is orientated with north to 
the right and the box highlights the author for 
scale. The outcrop of the fault is highlighted 
by the black lines, and sheared blocks of 
evaporite are also outlined. Evaporites of the 
Kabaktepe Formation are on the right of the 
photo and the Gümü Member forms the hard 
limestone ridge left of the fault. 
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6.2.3.3. 	Regional deformation of the Bolkar Carbonate Platform 
Compressional deformation in the Bolkar Carbonate Platform has been reported by several 
authors (Demirtali et al. 1984; Dilek & Moores 1990; Goncuoglu et al. 1991; Jaffey & 
Robertson 2001; Jaffey 2001). Dilek and Moores (1990) describe the Bolkar Mountains as 
an east-west trending, northward overturned, folded anticlinorium. In Jaffey & Robertson 
(2001) and Jaffey (2001) north-facing folds and a south dipping thrust fault are described at 
the northern flank of the Bolkar Carbonate Platform, where metamorphosed platform 
limestones meet the U1ukila Basin. The structures were investigated during joint field-work 
during this study. 
The contact between the Ulukila Basin and the Bolkar Carbonate Platform is exposed in a 
valley between Alihoca and Maden and divides marbles of the Bolkar Carbonate Platform 
from the Alihoca Ophiolitic Mélange (Fig. 6.22a). Exposed in a steep stream gully near 
Maden village is a large-scale thrust fault. The Alihoca Mélange is heavily deformed just 
north of the contact, with a strong northward vergence. Steeply dipping red conglomerates 
and mudstone from the Alihoca Mélange are folded into steep isoclinal folds, with axial 
planes dipping steeply to the south. The rocks are also heavily cleaved in a similar 
orientation (068/58°S). Nearer to the contact the mud has a schistose fabric which is 
oriented at 078/39°S. Beneath the contact "outcrop-scale" folding of rocks in the mélange 
show a strong vergence to the north (Fig. 6.22b). Ptygmatic folding of quartz veins in the 
footwall exhibits a northerly vergence mimicking the larger folds. At the contact there is a 
thin layer (<Im) of heavily altered rock that appears to be mylonitic. This layer dips at 
035139°S and appears to be the fault plane, as the metamorphosed limestone of the Bolkar 
Carbonate Platform is clearly seen above it. 
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Figure 6.22 The faulted contact between Alihoca Ophiolitic Mélange and the Bolkar 
Carbonate Platform south of Maden - a) Looking southwest, showing the contact zone; in the 
upper part of the photo the metamorphosed platform limestones form a vertical cliff face 
approximately 10 m high; the mélange is the red material seen in the lower right of the photo. 
b) looking east, showing synthetic folding in the footwall of the fault. Vergence of folding was 
recorded at 324°, with axial planes dipping approximately south at 40°. 
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At Kara Gölu large scale folding of the Bolkar Carbonate Platform metamorphosed 






Figure 6.23 - Photograph of folding in the Bolkar Carbonate Platform at Kara Gölu. The 
photograph is oriented with north to the right and the cliff is approximately 100 in high. Black 
lines highlight North verging overturned folds. Folding is acute-close and synthetic lower 
order folding is observed in the lower limb. 
Jaffey (200 1) shows three large folds from the northern edge of the Bolkar Carbonate 
Platform with tectonic transport toward the northwest. Relatively undeformed Oligocene 
conglomerates are reported to overlie the structure (Demirtali et al. 1984; Jaffey 2001), and 
therefore constrain the age of deformation as no later than the end of the Eocene. 
6.2.3.4. 	Timing of compression & post-Eocene unconformity 
As shown above, compressional deformation is a significant part of the Ulukila Basin 
history and constraining the timing of this event is important in providing an account of the 
basin and relating it to regional tectonic activity. 
The youngest unit affected by the styles of deformation outlined above is the Kabaktepe 
Formation, faulted near Ermirler. The Kabaktepe Formation is dated as Middle to Upper 
Eocene by Demirtali et al. (1984) and thus compressional deformation must have occurred 
after this time. Jaffey (2001) puts the age of compressional deformation in the Bolkar 
Carbonate Platform at the end of Eocene. It seems likely that compression in the platform 
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and in the basin are linked, or in fact represent the same event, thus the end-Eocene age of 
deformation seems likely. 
An important feature of the basin stratigraphy at this time is the unconformity that separates 
the evaporitic Kabaktepe Formation and Oligo-Miocene continental deposits of the Aktoprak 
Formation (Figure 6.24). Clearly the Kabaktepe Formation represents shallowing of the 
basin, which may have resulted from this compressional deformation. The redeposition and 
slump folding evident in the Kabaktepe Formation (Section 3.7.1 .1.) may well be 
tectonically driven. In contrast, the Oligo-Miocene Aktoprak Formation (above the 
unconformity) exhibits some compressional activity but not in the style described above (see 
Section 6.2.5). This suggests that compression occurred in the Mid-to-Late Eocene and 
culminated at the end of the Eocene with a period of non-deposition following compression 
and uplift. An unconformity at this time is observed widely throughout Anatolia and thus 
this period of compression observed in the Ulukila Basin may have regional significance 
(see Section 6.5). 
Figure 6.24 - Kabak Tepe viewed from the south west (looking NE). The evaporites of the 
Kabaktepe Formation are white and form the lower half of the hill. The upper part of the hill is 
formed by the Aktoprak Formation (red). The unconformity between the formations run 
across the hillside and parallel bedding of the continental Aktoprak Formation is observed 
above. At this locality, toward the middle of the basin, the angle of unconformity is relatively 
low (<10 0 ) in comparison to further south and north. 
339 
6.2.4. Secondary extension (Aktoprak sub-basin) 
As mentioned above the Aktoprak Formation stratigraphically overlies an unconformity at 
the end of the Eocene. Around the village of Akioprak the continental rocks are exposed in 
an elongate, flat-bottomed valley open to the west (Fig. 6.1). This area has been referred to 
as the Aktoprak sub-basin (Jaffey 2001; Clark et al. 2001) and was formed by extension 
following the compressional phase outlined above. Evidence of this extension is limited; 
however, normal fault blocks were mapped during this study along the southern margin of 
the Aktoprak sub-basin (Fig. 6.25). Longitudinal outcrops of the Alihoca Ophiolitic 
Mélange, Guneydagi Member and Halkapinar Formation are repeated moving up the 
northern flank of Guneydagi hills southeast of $eydifakili (Fig. 3.1) suggestive of normal 
fault blocks with the tops rotated to the south. North of these outcrops the Aktoprak 













Figure 6.25- Cross-section of the Aktoprak Formation. See Fig. 6.29a for continuation of 
section and key. 
Other normal faults within the basin are largely minor structures that show small 
displacements (metre scale) and show little preferred orientation (Fig. 6.26). Poles to fault 
planes show some grouping of faults oriented NW-SE, dipping to the NE and SW, and more-
so faults dipping (35-55°) to the NW. 
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Figure 6.26 (6.5) - Stereoplot of poles to normal faults measured in the Ulukila Basin. Poles 
show a large spread, although some grouping of faults dipping to the NW is observed. 
6.2.5. Further tightening 
Jaffey (2001) describes a period of compression in the Middle Miocene based on folds in the 
cukurbag Formation of the Ecerni§ Fault Zone. This phase of compression is related to 
structures in the surrounding sedimentary basins, including the U1ukila Basin. In the cross-
section of the Aktoprak sub-basin (Fig. 6.25) folding of the Aktoprak Formation is shown. 
Folding here is open and upright with a wavelength of approximately 100m and amplitude of 
10-15m. No strong structural vergence is observed. Jaffey (2001, Fig 7.12) shows that 
folding follows the general strike of the Aktoprak sub-basin. 
Compressional features post-dating those described in section 5.2.3. are also observed at the 
northern margin of the Aktoprak sub-basin (Fig. 6.25). In this area mapping revealed that 
the Oligo-Miocene Aktoprak Formation is folded and thrust faulted together with the 
Kabaktepe and Bozbeltepe Formations. This phase of compression appears to culminate in 
the southward thrusting of the sub-basin margin onto the basin sediments (Fig. 6.27). 
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Figure 6.27 - Schematic cross section of the southern margin of the Aktoprak Sub-basin (not 
to scale). 
6.2.6. Strike-slip faulting 
In this chapter both reverse faulting and normal faulting in the Ulukila Basin have been 
discussed and some inferences could be made as to the timing of the events. Strike-slip 
faulting is also apparent in the basin, although constraining the timing is less straight-
forward. Figure 28a is a stereoplot of poles to planes of strikeslip faults recorded in the 
U1ukila Basin. It is clear that, as expected, the data are dominated by high angle faults, 
although there is no pervasive pattern with regard to orientation. Strike-slip movement on 
the fault planes was inferred from slickenside lineations (or slickenlines), whilst the 
orientation of slickenside "steps" were used to address the kinematics (Billings 1942; Doblas 
1998). Faults were considered strike-slip where the pitch of slickenside lineations was < 
300, although many of the faults show oblique-slip rather than pure strike-slip. Of the 38 
faults measured, 21(55.2%) display sinistral movement, while the rest show dextral 
displacement. 
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Figure 6.28 - Equal-area stereonet showing poles to planes of strike-slip faulting in the 
UIuki1a Basin; a) shows all strike-slip faults, dots represent sinistral movement and crosses 
represent dextral movement, as determined from slickensides; b) shows only sinistral faults 
and a calculated mean plane at 215/ 81°W. 
Slickenside lineations display the last movement on the fault plane and given the wide 
distribution of fault plane orientation and dip it is a distinct possibility that the strike-slip 
displacement observed is the result of reactivation of pre-existing faults. Given the small 
data set it is perhaps spurious to make any strong inferences from the data. Bearing this in 
mind, a tentative inference can be drawn from Fig. 28b, which shows poles to planes of the 
sinistral faults measured. A calculated mean plane is shown and runs approximately NNE-
SSW (215 I 81 W). This plane is roughly parallel to the Ecemi Fault Zone, which 
underwent extensive strike-slip displacement in the Upper Tertiary (Yetis 1978; 1984; 
Toprak & Goncuoglu 1993; Whitney & Dilek 1997; Koçyiit & Beyhan 1998; Westaway 
1999; Jaffey & Robertson 2001; Jaffey 2001; see Section 2.7.4.). Although not conclusive, it 
is a possibility that sinistral strike-slip faulting recorded in the Ulukila Basin was coeval 
with the main phase of displacement of the Ecemi Fault Zone. Dextral movement shows a 
wider spread, although may be considered roughly orthogonal to the sinistral movement. 
Little inference can be made from the dextral fault data although a possibility is that it 
occurred in response to the sinistral faulting. 
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6.3. CROSS-SECTIONS 
Figure 6.29 shows cross sections of the U1ukila Basin based on the main transects taken 
during the fieldwork, with Figures a-d running from west to east across the basin. The 
sections show the overall structure from the map and structures delineated by local mapping. 
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Figure 6.29 a) & b) North-south cross-sections of the Ulukila Basin, with the locations of some villages and hills shown for 
orientation. The lines of section are shown in Enclosure I. a) shows the western part of the basin, including l order folding around 
Dedeil and the Aktoprak Sub-basin (as seen in Fig. 6.25). b) intense faulting of the Ulukila Formation near caykavak Pass, apparent 
thickening of the Kabaktepe Formation at Kabak Tepe and folding at the southern margin of the basin. The unconformable Bozbeltepe 
Formation turbidites are seen neat Kara Golu. See Figure 6.1 for approximate of cross sections. 
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Figure 6.29 c) & d) - North-south cross-sections of the Ulukila Basin, with the locations of some villages and hills shown for orientation. The lines of section are 
shown in Enclosure 1, see a)for key. c)shows limestones in the Ulukila Formation near Ovacik, largescale folding of the Ulukila Formation, thickness variation 
in the I3ozbeltepe Formation and the overthrust contact of the Bolkar Carbonate Platform. d) shows the folding of the limestones near Basmakçi , intrusions in the 
Ulukila Formation and thrust-faulting in the south of the Uluki1a Formation outcrop. See Figure 6.1 for approximate of cross sections. 
The following are notable points from the cross sections, some of which highlight the 
structural features of the Ulukila Basin: 
Fig. 6.29a) 
• The large syncline described in section 6.2.3.1. is shown in the south of the section; 
the syncline is part of a syncline-anticline-syncline set with the anticline overturned 
to the south, highlighting the southward vergence of the folds. 
• Ulukila Formation volcanics are shown in the centre of the fold, although this may 
in fact be volcanic intercalation in the Halkapinar Formation. 
e The extensional Aktoprak sub-basin is shown (Figure 6.25 is taken from this 
section). 
Fig. 6.29b) 
• Folding and faulting mapped in Ulukila Formation rocks in the caykavak Pass area 
is shown. 
• An apparent thickness variation of the Kabaktepe Formation is seen on the ground 
south of Errnirler, although this may be the result of reverse faulting described in 
section 6.2.3.2. 
• The Oligo-Miocene Aktoprak Formation lies unconformably on the Alihoca 
Ophiolitic Mélange to the north of Kara Gölu. 
• At Kara GOlu, the Bozbeltepe Formation lies unconformably on Alihoca Ophiolitic 
Mélange and the Bolkar Carbonate Platform. 
Fig. 6.29c) 
• The limestones interbedded in the upper parts of the Ulukila Formation are seen 
south of Ovaçik. 
• The large fold mapped in the area of llhan is shown. 
• The Bozbeltepe Formation thins to the south and to the east of Giinid§ village 
pinches out completely (not shown). 
• The northward thrusting of the Bolkar Carbonate Platform is shown south of Maden 
village. 
Fig. 6.29d) 
• Intense folding of the Basmakci Member is shown at the north of the cross section. 
• North of the ciftehan, the westward continuation of the thrust fault that lies beneath 
the Omerli Member is seen cutting out the Bozbeltepe Formation. This cuts out the 
northern limb of the syncline that dominates the southern U1ukila Basin. 
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6.4. SUMMARY AND TIMING OF STRUCTURAL EVENTS 
As described above five deformation events were clearly recognised in the history of the 
Ulukila Basin, with the addition of strike-slip faulting which occurred late in the history of 
the basin, although the timing is not well constrained. The deformation events are briefly 
summarised in Table 6.2, with the inferred timing, and justification thereof, also shown. 
In addition to stratigraphic controls on the age of deformation, some further control is added 
by evidence of syn-sedimentary deformation in the sedimentary succession, examples of 
which are outlined briefly below: 
In the lower part of the Halkapmar Formation a limestone breccia is present (Section 
3.4.1.2.) and is interpreted as a carbonate megabreccia (Section 4.1.3.), which may be 
induced by fault oversteeping and seismic activity (Eaton 1987; Robertson & Bamakhalif 
2001; Drzewiecki & Simo 2002). If this interpretation is correct for the lower Halkapinar 
Formation, then faulting was active, at least into the Lower - Mid Palaeocene. Further to 
this, the interpretation of the Halkapmar Formation as a faulted slope apron sequence 
(Section 4.13; Reading 1986) is suggestive of continued fault activity throughout most of the 
Halkapinar Formation. 
Evidence for slope instability is present higher up in the Ulukila Basin succession. North of 
GUney folding of the Bozbeltepe Formation is interpreted as slump folding, with large slabs 
of semi-consolidated sediment "rafted" in these slump horizons (Section 3.6.1.1.). Similar 
folded horizons in the Kabaktepe Formation (Section 3.7.1.1.) are also interpreted as slump 
activity. It is possible that this activity relates to fault instability (Leeder 1999), although this 
is only limited evidence and may be the result of more localised oversteepening of the slope. 
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Deformation Stage Main events Age Justification of assigned age 
vi) Strike-slip Strike-slip faulting, possibly coeval with Mid to Late Miocene From Jaffey & Robertson 2001, coeval with 
faulting the Ecemi Fault Zone and reactivating sinistral strikeslip of the Ecemi§ Fault Zone. 
older faults. 
v) Further Folding of Aktoprak Formation Middle Miocene From Jaffey 2001, deformation of çukba 
tightening Deformation of Aktoprak sub-basin Formation in Ecemi§ Fault Zone 
boundaries 
iv) Secondary Formation of the Aktoprak sub-basin Eocene - Oligocene Deposition of post-Eocene sediments in 
extension Aktoprak Sub-basin 
iii) Compressional Folding Upper Eocene Age of strata affected by compression 
deformation Thrust faulting Previous studies (Jaffey 2001, Jaffey & 
Deformation of the Bolkar Carbonate Robertson 2001, Dilek et al. 1999, 
Platform Goncuoglu ???) 
Post Eocene unconformity 
ii) Basin extension Extensional faulting leading to Ulukila Maastrichtian - Lower I Age of earliest transgressive shelf 
Basin Middle Palaeocene sedimentation (Aktatepe Formation), 
Sedimentation in basin Seismic induced megabreccias in Halkapinar 
Incipient uplift of Nigde Massif? Formation 
Interpretation of Halkapinar Formation as 
faulted slope apron succession 
i) Ophiolite Emplacement of Alihoca Ophiolite and Cenomanian Emplacement age of Pozanti-Karsanti 
emplacement Alihoca Ophiolitic Mélange Ophiolite and other central Anatolian 
ophiolite units (Dilek et al. 1999) 
Table 6.2 - Summary of the structural history of the Uluki1a Basin 
CHAPTER 7. \DISCUSSION - SUMMARY, MODELS AND COMPARISONS 
7.1. INTRODUCTION - ULUKILA BASIN HISTORY 
The following outlines the basin history as determined from the sedimentological study 
presented in Chapters 3 & 4, and the structural study presented in Chapter 6. A brief 
summary of the findings from the subsidence analysis and the geochemical study of the 
U1ukila Formation are also shown. The purpose of presenting this information here, is to 
give a summary of the findings before the tectonic and regional history are discussed. 
Upper Cretaceous - Ophiolite and ophiolitic mélange emplacement occurred as a result of 
closure of Neotethys, possibly the Inner Tauride Ocean. 
Maastrichtian - 	Transgression of the suture zone was marked by marginal clastic 
sedimentation giving way to a shallow-marine carbonate system, 
ultimately deepening to carbonate slope sedimentation. Incipient 
faulting of the basin is proposed along with the earliest volcanism. 
Early Palaeocene - 	Proximal, coarse-grained turbidites were deposited in a faulted 
margin setting, which also saw catastrophic reworking of the shelf. 
At this stage a narrow basin had developed with axial flow 
transporting material to the west, whilst faulting of the margins is 
intense. 
Mid Palaeocene - 	Well-established submarine volcanism extruded in the middle of the 
basin, whilst turbidites were deposited around the margins. 
Sedimentation gradually outstripped subsidence. Palaeocurrents at 
this time suggest that the basin was a more established open setting. 
Plutonic rocks may have been intruded toward the end of this period. 
Late Palaeocene - 	Volcanism ended, by which time water-depth had significantly 
reduced. Shallow-water carbonates were deposited in a shallow sea 
to the south, whilst carbonate reefs and flanking deposits developed 
on volcanic highs. 
Early Eocene - 	Continued subsidence led to turbidite deposition as the volcanic 
edifice was eroded. Turbidites also flowed off the margins into the 
depocentre south of the volcanic high. Eventually, subsidence 
ceased and water-depth lowered as the basin filled. 
Mid Eocene - 	Uplift and initial compression resulted in evaporite deposition, which 
recorded continued reduction of water-depth in the basin. 
Late Eocene - 	Regional compressional deformation resulted in folding and intense 
thrusting of the basin and the Bolkar Carbonate Platform. Uplift and 
erosion of the basin resulted in an unconformity surface. 
Oligocene - 	A second phase of extension, possibly in response to the thickening 
generated by the compressional phase, formed the Aktoprak sub-
basin, whilst terrestrial sediments were deposited throughout the 
Ulukila Basin (concentrated in the Aktoprak area). 
Mid Miocene - 	A further stage of compression (associated with compression in the 
Ecemi§ Fault Zone) folded the continental sediments in the Aktoprak 
Formation and caused reverse faulting of the sub-basin margins. 
Subsidence 	A subsidence curve for the centre of the Ulukila Basin shows a rift 
Analysis 	 event followed by more gradual subsidence. The first stages of 
extension were slow, followed by rapid rifting with volcanism. This 
sequence of events and the subsidence curve may be interpreted as a 
strike-slip or rift basin signature. Following volcanism the basin may 
have acted under thermal subsidence. 
Geochemistry 	The geochemistry of the Ulukila Formation suggests that the 
volcanism developed in a within-plate setting, and that the rocks may 
provide evidence for a pre-existing subduction zone. Intrusions in 
the Ulukila Formation were probably co-genetic with the lavas and 
may be a later stage equivalent to the Horoz granite in the Bolkar 
Carbonate Platform. 
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7.2. COMPARISON WITH OTHER BASINS IN TURKEY• 
This study has established a geological history of the of the Ulukila Basin, which can now 
be compared to other sedimentary basins in the central Anatolian region, specifically those to 
the south of the Nide-Kirehir Massif. The Lice area in SW Turkey is also included as it 
may be a useful comparison for the proposed tectonic setting of the Ulukila Basin. 
7.2.1. Lice Area 
The Lice Area, as described in Section 2.6.4., is interpreted as a series of small transtensional 
basins developing along the SE Turkey (Bitlis) suture zone and thus, may be an appropriate 
comparison for the Ulukila Basin. A first order similarity is the presence of a large suite of 
submarine volcanic rocks. The following is . a description from Akta & Robertson (1990) 
and similarities are seen between the rocks described and the submarine volcanics of the 
Ulukila Formation. In the Lice Area, pillows range from 0.2-1.2 metres and are commonly 
porphyritic and I or vesicular, with plagioclase crystals up to 2-8 mm long and smaller 
clinopyroxene phenocrysts; massive lava flows are commonly aphyric. 
The general geochemical characteristics can be summarised as follows. The Middle Eocene 
Karadere Formation basalts plot in the within-plate and MORE fields on geochemical 
discrimination diagrams. They show high concentrations of LIL and HFS elements, and low 
LIL/HFS ratios are compared to enriched basalts of E-type MORE and within-plate basalts. 
Enrichment of Lit is selective and the resultant signature suggests a subduction component. 
It is suggested that the high concentrations of HFS is attributed to enrichment of the mantle 
wedge by metasomatic fluids. It was noted that such hybrid compositions are seen in some 
modem settings including the Lesser Antilles arc and the marginal basins of the Brantsfield 
Straight. 
The above description of the geochemistry of lavas in the Lice Area exhibits several 
similarities with the Ulukila Formation. The interpretation of the Lice Area as a re-opening 
suture zone acting under trans-tension may also be applicable to the Ulukila Basin and, as 
such, is discussed below. 
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7.2.2. Tuzgolu Basin 
The Tuzgolu Basin lies to the north-west of the Ulukila Basin and is described in Section 
2.6.1. The basin seems an obvious candidate for comparison, lying between the Nide-
Kirehir Massif and the northward continuation of the Bolkar Carbonate Platform and it has 
been proposed that the basins are linked, or are indeed the same basin (Görür et al. 1984; 
çemen et al. 1999). However, Görür et al. (1998) suggest that there are significant 
differences in history and structure, the thick volcanic sequence of the U1ukila Formation 
cited as the main distinction between the two basins. It should be noted that the Tuzgolu 
Basin is not completely free of volcanic material, a volcaniclastic unit (Sincik Member) 
comprising volcanic sandstone, claystone, volcanic breccia and lava flows, dated as Lower 
Eocene is apparent in the west of the basin (-S  overlain by L.-M. Eocene nummulitic 
limestone, cemen et al. 1999). Unfortunately, no further information about this unit is 
available and a direct comparison to the Ulukila Formation is not possible. The depocentre 
of the Tuzgolu Basin is not exposed, and thus, the information presented here regarding the 
Uluki1a Basin could be of significant importance to the TuzgolU Basin. 
Stratigraphy 
Similarities between the basins are, in general, stratigraphic or aiise from the inferred basin 
architecture from previous studies (GörUr et al. 1984; GörUr etal. 1998, çemen etal. 1999). 
Figure 7.1 shows the stratigraphy of the Tuzgolu Basin for comparison to the Ulukila Basin. 
Apparent similarities are outlined below: 
• At the base of the succession conglomerates and sandstones (terrestrial?) grade 
laterally and vertically into limestones (Aktatepe Formation, Ulukila Basin (UB)/ 
Kartal Formation into Asmabogazi Formation, Tuzgolu Basin (TB)) in the 
Maastrichtian and Early Palaeocene. 
• Various shelf-related limestones, (i.e. reef deposits, calcarenites, microbial bioclastic 
limestones) are present in the lower succession (Aktatepe Formation - UB / 
Asmabogazi Formation - TB). 
• The greatest thickness of deposits are turbidites in the centre of both basins 
(Palaeocene Halkapinar Formation & Eocene Bozbeltepe Formation - lIE, 
Palaeocene Kirkkavak and Eocene Eskipolatili Formations - TB), which gradually fill 
the basin causing in to shallow. 
• Fault-controlled sedimentation is interpreted for both basins, with a progression from 
proximal to distal deposits and increasing water depth away from marginal faults 
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(localised patch reefs are reported at the fringes of the Tuzgolu Basin during 
deposition of turbidites; this is not seen in the Ulukila Basin). 
• Mass wasting products apparent in both basins (e.g. Carbonate rock-fall breccias - 
UB, olistostromes - TB). 
• A Lower to Middle Eocene nummulitic limestone is reported in both basins (GUmü 
Member - UB, çayraz member - TB). 
• Evaporites were deposited in the Middle to Upper Eocene (Kabaktepe Formation - 
UB, diapiric evaporites - TB, although evaporites in the Tuzgolu Basin are 
significantly thicker). 
• Oligo-Miocene terrestrial sedimentation unconformably overlies the Maastrichtian to 
Eocene succession (Aktoprak Formation - IJB, Koçhisar & Gokdag Formations - 
TB). 
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Figure 7.1 - Stratigraphy of the Tuzgolu Basin (Dirik et al. 1999). 
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Structure 
There are similarities in the structural history of the basins, although available information 
on the structural history of the Tuzgolu Basin is limited. The main structural feature of the 
Tuzgolu Basin is the Tuzgolu Fault Zone (Arpat & Saroglu 1975), which crops out along the 
north-eastern boundary of the basin and divides it from the Nide-Kirehir Massif. Although 
the timing of initiation of this fault remains controversial, many workers believe that it 
developed as a normal dip-slip fault in the Maastrichtian and expressed some control over 
sedimentation along the eastern margin of the basin (Gör(ir & Derman 1978; Uygun etal. 
1982; GörUr et al. 1984 & 1998, cemen etal. 1999). More recent (Neogene) movement on 
the fault is right-lateral strike-slip (GörUr etal. 1999, cemen etal. 1999). The presence of 
this fault contrasts somewhat with the U1ukila Basin where none of the original basin 
bounding faults have definitely been observed. However, the northern margin is bounded by 
a normal fault which may have been active early in the basin's history (Section 6.2.2.1.), 
although no transition to strike-slip movement is observed. There is some suggestion that 
the TuzgolU Fault zone may have been involved in tectonic escape of Anatolia (Jaffey 2001) 
and it may be the case that the fault at the north of the Ulukila Basin was oriented 
inappropriately for strike-slip activity under that regime. The only strike-slip activity 
observed in the Ulukila Basin is likely to be related to movement of the Ecemi Fault Zone. 
The main similarity between the structural histories of the two basins is the compressional 
history. Folds in the Tuzgolu Basin are oriented parallel to the margin of the basin (Görur et 
al. 1984), much like the E-W trending folds in the Ulukila Basin, and are also attributed to 
an Upper Eocene phase of compression. Extensive thrusting at this time is also reported 
(GörUr et al. 1999). 
7.2.3. Sivas Basin 
The Sivas Basin (introduced in Section 2.6.2.) is located north-east of the Ulukila Basin and 
is also bounded by Taunde carbonate units to the south and the Nigde-Kirehir Massif to the 
north. The basin is oriented SW-NE and is the largest of the Central Anatolian sedimentary 
basins (Dirik etal. 1999). The orientation of the Sivas Basin is coincident with the Central 
Anatolian Fault Zone (Koçyigit & Beyhan 1998), which occurs along its northern margin. 
The Maastrichtian to Oligocene stratigraphy of the basin includes conglomerates, shallow 
water limestones, calc-turbidites, volcaniclastics, pelagic limestones and evaporites (GOkten 
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1986; Gökten & Floyd 1987; Cater et al. 1991; Poisson et al. 1996; Görur etal. 1998; Dirik 
et al. 1999). A similar stratigraphy and age suggest that a useful comparison of the Sivas 
Basin can be made with the Ulukila Basin. The basin is interpreted as an intracontinental 
extensional basin by Dirik etal. (1999) and as a foreland basin by Görtir et al. (1998) and 
Poisson et al. (1996), although developing under different regimes. 
Stratigraphy 
Previous work in the area has led to a well established stratigraphy (Fig. 7.2), although 
Poisson et al. (1996) highlight the difficulties of correlation in a large and complex basin. 
Two parts of the basin are shown in Table 7. 1, the north, based on Poisson etal. (1996), and 
the southwest, based on Dirik et al. (1999; Fig. 7.2). The basement is considered to be 
ophiolitic melange and/or ophiolite by both Poisson et al. (1996) and Dirik etal. (1999), 
with a sub-ophiolite basement of metamorphosed intrusives and sediments of the Nigde-
Kirehir Massif to the north and the metamorphosed carbonates of the Tauride carbonate 
platform to the south. 
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Figure 7.2 - Stratigraphy of the central part of the SW Sivas basin (Dirik et al. 1999). A.U. = 
Angular Unconformity. 
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Table 7.1 - Description of the lithostratigraphy of the Sivas Basin. 
Age I Southwest (fink et al. 1999) 	1 Northeast (Poisson et aL 1996) 
Tuzia Formation - highly sheared 
pelagic limestone, shale and sandstone 
alteration with associated volcaniclastic 
rocks and pillow lavas deposited 
unconformably on ophiolite. 
Coarse clastics, interpreted as shallow-
marine alluvial fan deposits, grade 
laterally into proximal turbidites, 
volcaniclastics and lavas. The marginal 
clastic deposits pass upward into marl, 
argillaceous limestone and sandy 
limestone, followed by reef limestone 
(dated as uppermost Maastrichtian). 
The larger part of the Tuzia Formation 
consists of olistoliths and megablocks 
of limestone, gabbro, metabasalts and 
ultramafic rock held in a matrix which 
varies from pelagic limestone, turbiditic 
sandstone, shale, siltstone and locally 
volcaniclastics. 
The volcanic rocks are dominated by 
hornblende and plagioclase; the 
volcaniclastics are largely crystal tuffs 
and epiclastic rocks. The fossil content 
of the pelagic limestone yields an age of 
latest Cretaceous (?) - Palaeocene. 
Büründuz Formation 
The Bürunduz Formation consists of 
sandstones, mans, conglomerates, 
calciturbidites and reefal to pelagic 
limestone. It overlies the Tuzla 
Formation with a depositional contact. 
In the centre of the basin the lower part 
is marked by fossiliferous limestone 
grading up into pelagic limestone. In 
the west-southwest the lower part is 
characterised by sandstones, marls, 
conglomerates and calciturbidites. Marl 
horizons contain abundant brachiopods, 
pelecypods and gastropods. Higher up, 
(in the sandstones and calciturbidites), 
Nummulites and Assilina dominate the 
fauna. The top of the Formation is 
dominated by olistostromal 
Bahcecik conglomerates 
The Bahcecik conglomerates consist of 
coarse-grained, thick bedded polygenic 
conglomerates deposited 
unconformably on the basement. Cross 
bedding and channel scours are 
common. The unit is interpreted as 
fluviomarine fan systems in an area of 
shallow marine subsidence around the 
northern margins of the basin. 
Bozbelflysch 
The Bozbel Formation consists of 
several members, all of which display 
"flysch" like sedimentation intercalated 
with tuffites and volcanics and 
olistostromes. The different members 








Age I Southwest (Dirik et al. 1999) 	 Northeast (Poisson et al. 1996) 
conglomerates; Permian limestone, 
ophiolitic mélange, pelagic limestone 
and lower Eocene limestone blocks are 
held in a sandstone and mudstone 
matrix. 
Fossils from the pelagic limestones in 
the centre of the basin yield an age of 
Late Maastrichtian (?) to Early Eocene. 
Elsewhere (west-southwest) the lower 
parts give a Late Palaeocene to Early 
Eocene age. The fossil assemblage of 
the middle and upper parts of the 
Formation yield a Middle Eocene age. 
Cevizcik Formation 
The Cevizcik Formation comprises red 
to greenish grey fine-grained sandstone, 
siltstone and claystone alternation, 
intercalated with gypsum. The 
Formation is deposited unconformably 
over the above units. 
The base is marked poorly sorted 
conglomerates with clasts including 
marble, recrystallised limestone, 
sandstone and gabbro. The unit fines 
upwards and laterally grades to red 
coloured sandstones, conglomerates and 
shales and clay alteration. 
turbiditic characteristics and planktonic 
foraminifera. The sandstones contain 
quartz, feldspar, volcanic fragments, 
serpentinite and radiolarite with re-
sedimented platform type calcarenites 
including nummulite fossils. The 
Bozbel formation is sourced from the 
south. Its age is given as early to 
middle Eocene. 
Selimiye and Karayün Formations 
The Selimye Formation is restricted to, 
partly marine, red detritics. The 
Karayun Formation is divided into three 
members, Lower and Upper sandstone 
parts, separated by a finer grained 
(Middle) body. The sandstones consist 
of equal amounts of sand an 
conglomerate with sub-ordinate shales 
and clays. They are largely red in 
colour. Erosional channels and cross-
stratification are common and the 
formation is interpreted as deltaic sand 
bodies. 
Hafik Formation 
The Hafik Formation consists of regular 
thinly bedded massive gypsum, which 
occurs in layers up to lOm thick. These 
are intercalated with red clays and fine 
grained sands. At some localities the 
gypsum appears as massive bodies up to 
200 in thick. The gypsum is overlain by 




Table 7.1 - Description of the lithostratigraphy of the Sivas Basin. 
As with the TuzgolU Basin, some similarities are present between the Ulukila Basin and the 
Sivas Basin, some of which bear with the Tuzgolu Basin: 
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• At the base of the succession alluvial fan systems deposit conglomerates and 
sandstones and grade laterally and vertically into limestones (A1ctatepe Formation, 
Ulukila Basin (UB) I Bahcecik conglomerates and Tuzia Formation, Sivas Basin 
(SB)) in the Maastrichtian and Lower Palaeocene. 
• Various shelf-related limestones, (i.e. reef limestones, sandy limestones, microbial 
bioclastic limestones) are present in the Upper Maastrichtian (Aktatepe Formation - 
UB / Tuzia Formation - SB). 
• Mass wasting products apparent in both basins (Carbonate rock-fall breccias - UB, 
olistostromes - SB). 
• Submarine volcanism and volcaniclastics are present in the Palaeocene succession in 
both basins (U1ukila Formation - UB, Tuzla Formation - SB). 
• Turbidites dominated deposition (Palaeocene Halkapinar Formation & Eocene 
Bozbeltepe Formation - UB, Palaeocene Tuzla, Bürunduz and Eocene Bobel 
Formations - SB). 
• Nummulitic limestone is reported in both basins (GUmU Member - UB, BUrunduz & 
Bozbel Formations - SB). 
• Oligo-Miocene terrestrial sedimentation unconformably overlies the Maastrichtian to 
Eocene succession (Aktoprak Formation - IJB, Cevizcik, Selimiye and KarayUn 
Formations - SB). 
One notable difference between the two basins is the age of evaporite deposition. In the 
Ulukila Basin the Kabaktepe Formation was deposited during the Middle to Upper Eocene 
whereas all evaporites in the Sivas Basin are younger than Eocene, as part of continental 
sedimentation above the basal Oligocene unconformity. 
Structure 
The structure of the Sivas Basin is dominated by classic fold-and-thrust belt deformation 
(Fig. 7.3, Poisson etal. 1996) and may thus have some similarities to the Ulukila Basin. 
However, it should be noted that Pliocene rocks are deformed by these structures, which may 
reduce the similarity to the Ulukila Basin. Thrust faults are generally E-W oriented and dip 
to the north and the south. No dominant vergence is observed (Poisson et al. 1996) and in 
this sense is much like the TJlukila Basin. Dirik etal. (1999) invoke two compressional 
phases to account for the deformation in the Sivas Basin, a first major compressional phase 
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toward the end of the Eocene and a later (pre-Late Pliocene) compressional phase to account 
for folding of Pliocene rocks. They relate the Eocene phase to final collision of the Nigde-
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Legend: I =  upper Miocene (del ritus) and Pliocene (mans and lacustrine I imestones); 2 = 
Oligocene-Miocene (marine mans and limestones); 3 = massive gypsum (Hafik Formation); 4 = Bahcecik 
Formation (Paleoccne-Eocene in the north) and Karayiin and Selimiyc formations (Oligocene); 5 = Bozbel 
Formation (Eocene); 6 = Tecer Dagi alloclithon (Upper Cretaceous-Paleocene); 7 = Kirsehir Massif. 
Figure 7.3 - Cross-sections of the Sivas basin (Poisson etal. 1996). 
7.2.4. 	arkuIa Basin 
The Sarkila Basin is located to the SW of the Sivas Basin and comprises a relatively small 
outcrop of volcaniclastic, epiclastic and carbonate rock, (Görür etal. 1998). Gökten (1986) 
considered the arkila region a part of the Sivas basin; however, some workers consider this 
area to be a sedimentary basin in it's own right, e.g. GörÜr etal. 1998, Gilbert Kellingpers. 
comm. 1999. GörUr et al. (1998) suggest that the basin evolved within the realm of the Sivas 
basin but attribute separate processes to its origin. They point out that the arkila Basin has 
very similar evolution, structure and volcanic content to the Ulukila Basin, suggesting that 
the two basins may have originated from the same processes. 
Stratigraphy 
Information about the Sarkila Basin is limited such that a comprehensive comparison is not 
possible. However, the stratigraphy is relatively simple (Figure 7.4), comprising 
volcaniclastics overlain by a turbiditic sequence as outlined below. 
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I'AGE SYMBOLS LITHOLOGY 
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Figure 7.4 - The Sarki1a Basin stratigraphy (Gokten 1986). 
Gökten (19 86) describes Palaeocene calciturbidites from the Konakyazi Formation (Gökten 
1983). The Formation is dated Upper Thanetian (L. Eocene) and may be a lateral equivalent 
of the lower Burundüz Formation (Dirik et al. 1999) and the lower Bahcecik conglomerates 
(Poisson et al. 1996) of the Sivas Basin. The following is a brief account based on Gokten 
(1986): 
Bioclastic limestones occur in beds 3-80 cm thick and grain size is roughly proportional to 
bed thickness, ranging from 1 cm to silt size. Grading is a common feature and the upper 
and lower contacts are often sharp. Grains include angular to sub-angular carbonate and 
identifiable fossils; algal detritus is common. These grains are seen as originating from the 
contemporaneous Palaeocene shelf but consolidated limestone fragments from Cretaceous 
rocks are also present. Other grains include plagioclase, quartz and opaque minerals along 
with lithic grains of chert, metaquartzite, mafic and volcanic rocks. Non-carbonate grains 
are usually concentrated in the lower part of thick beds but are rare in the thinner parts. 
Mudstone "flakes" from re-worked interbedded argillaceous rocks are also common in the 
lower thick parts of beds. The grains are held together by sparry calcite the amount of which 
ranges from 0.2% to 13%. Variation in amount of cement or micrite matrix is inversely 
proportional to grain size. Microfacies reported include sandy lime grainstone, silty lime 
wackestone and lime mudstone microfacies (interbedded with graded units). 
The calciturbidites are interpreted as representing a upward transition from "lower-fan" 
deposits to proximal "suprafan-lobe" deposits. Palaeocurrents, recorded from various sole 
marks show predominant flow towards the northwest and north. Palaeocurrents oriented 
northeast and southwest were also measured from very thin carbonate beds, which are 
tentatively interpreted as contour currents. The dominant flow towards the northwest 
suggests that the majority of sediment was sourced from the marginal shelf to the southeast. 
Input of metamorphic grains commences in the middle of the Konakyazi Formation. It is 
suggested that these grains are sourced from the metamorphic massifs to the northwest, 
implying uplift of the Nigde-Kirehir Massif was taking place at this time. 
Whilst it is difficult to compare this part of the succession alone to the Ulukila Basin, some 
similarities are seen. The turbidites may be comparable to the Halkapinar Formation of the 
Ulukila Basin, which includes shelf derived carbonate material in turbiditic deposits. 
However, the Halkapinar Formation records only deepening whilst the Konakyazi Formation 
in the $arkila Basin is interpreted to represent relative shallowing. 
Volcanic Rocks 
The field occurrence and geochemistry of volcanic rocks from the Lower Palaeocene of the 
Sarkila Basin are described in Gökten & Floyd (1987). The volcanogenic rocks are 
submarine extrusives interbedded with limestone turbidites and pelagic to hemipelagic 
shales. Augite andesites comprise the base of the succession, whilst more basaltic lavas are 
found toward the top. 
Primary geochemical characteristics are detailed below, followed by the tectonic 
interpretation. The lavas exhibit a lack of Fe-enrichment, low and restricted abundance of 
Ti02 , Y, Nb and V relative to Zr and generally low values of Zr, even in the most evolved 
rocks (rarely> 250 ppm). Moderate levels of Cr and Ni are present and overall, the 
characteristics are interpreted as typical of caic-alkali rocks. Limited correlation is seen 
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between the different rock-types analysed and this is interpreted to represent non co-genetic 
development of several different magmas; it is conceded that a limited sample set means that 
such interpretations are tentative. 
Tectonic discrimination diagrams give variable results with the rocks ultimately interpreted 
as a continental arc (margin) environment. However, only a limited number of analyses 
were for a restricted set of elements such that construction of MORE normalised 
spidergrams (Pearce 1982) was not possible. In general, the rocks plot in similar positions to 
the Ulukila Formation lavas (Figure 7.5). Notably, on the Zr/Y v's Zr (Fig. 7.5b) the 
$arkila rocks plot in the WPB field and it may be that drift into the arc field in Figure 7.5a, 
is the result of an inherited subduction signature on an overall within-plate chemistry. 
Unfortunately, the limited data does not allow a better comparison and confirmation of this 
possibility. 
MORB = Mid-ocean ridge basalts 
Ti/100 	WPB 	
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Figure 7.5 - Tectonic discrimination diagrams for the volcanic rocks of the Sarkila Basin 
(Gökten & Floyd 1987), a) Zr v's Ti V ' s Y ternary plot and b) Zr/Y v's Zr. (The same plots for 
the Uluki1a Formation are seen in Figures 5.5 and 5.7 respectively). 
7.2.5. Discussion 
The Tuzgolu Basin appears to be similar to the U1ukila Basin on several levels; the 
lithostratigraphy of the two basins appears to be significantly alike and the timing of facies 
developments occur concurrently; both basins show relatively sudden transitions from 
shallow-water deposition to turbidite facies early in their history, with gradual shallowing of 
the basin to evaporite deposition in the Early to Middle Eocene. The structural history of the 
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TuzgolU Basin also records a Late Eocene compressional phase, with structures parallel to 
the basin margins as seen in the Ulukila Basin. Görur et al. (1984) believed the TuzgolU 
Basin to be a fore-arc basin developed over a north-dipping subduction zone that consumed 
the oceanic crust of the Inner Tauride Ocean. In contrast, çemen et al. (1999) interpret the 
basin as an extensional or trans-tensional basin developed on a single Nigde-Kirehir / 
Tauride microcontinent. The second model seems to fit well with the interpretation of the 
Ulukila Basin presented here (see below), although a post "soft-collision" model is 
preferred for the Ulukila Basin. The evidence outlined above suggests that the earlier 
hypotheses linking the Tuzgolu Basin and Ulukila Basin (Oktay 1982; GörUr etal. 1984; 
cemen et al. 1999), are correct. 
The Sivas Basin shows many of the same similarities to the Ulukila Basin as the Tuzgolu 
Basin. However, direct comparison is restricted because there are two current interpretations 
of the basin origin, foreland basin (GörUr et al. 1998) and intracontinental rift basin (Dirik et 
al. 1999). Görur et al. report that the Sivas Basin formed in response to closure of northern 
Neotethys (Ankara-Erzincan suture) by loading of the Pontides onto the Nigde-Kirehir 
Massif, which would make the basin totally distinct from the likely processes involved in 
formation of the Ulukila Basin. However, if Dink et al. 's proposal is correct, that the basin 
formed under an extensional regime, then it could be considered an along strike continuation 
of the Ulukila Basin system. 
The Sarkila Basin has long been recognised as a potential continuation of the Ulukila 
Basin (Gökten & Floyd 1987; Görür etal. 1998; Gilbert Kellingpers. comm. 1999). Only 
limited information is available with regard to the $arkala Basin but, as shown above, there 
are similarities, particularly the geochemistry of volcanics. It is worth noting here that the 
volcanic rocks in the Sivas Basin are also of within-plate type (Dirik et al. 1999). The 
Sarkila Basin lies northeast of the Ulukila Basin, on the east side of the sinistral Ecemi 
Fault Zone. The displacement on the fault is reported as between 60 and 90 km (various 
authors, see Section 2.7.4.) since the Eocene. Removal of this displacement does not bring 
the two basin together, but does bring them significantly closer, which may be an important 
indication of their association. 
The above basin comparisons suggest that the basins bordering the southern margin of the 
Nigde-Kirehir Massif may be genetically linked, the implication being that they are 
subdivisions of a single basin complex. Further investigation would be required to confirm 
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or disprove such a statement. However, if this is the case, there are profound implications 
for the tectonic history of central Anatolia (see below). 
7.3. MODELS FOR THE FORMATION OF THE ULUKILA BASIN AND THE 
HISTORY OF THE INNER TAURIDE OCEAN SUTURE 
7.3.1. The Inner Tauride Ocean 
As mentioned in Chapter 1, in one interpretation of the history of the Northern Neotethys a 
separate Inner Tauride Ocean existed between the Bolkar Carbonate Platform and the Nide-
Kirehir Massif, whilst in another model only a single ocean basin existed (e.g. Goncuoglu 
1986). In this latter scenario, the Nigde-Kirehir Massif existed as a promontory of the 
Mesozoic Bolkar (Tauride) Continent to the south and no suture ever existed beneath the 
Ulukila Basin (Ozgul 1976; Goncuoglu 1986). In the context of this setting, the 
sedimentary basins bordering the southern margin of the Nigde-Kirehir Massif are 
considered to have formed as a result of post-collisional extension following closure of the 
northern Neotethys along the Ankara-Erzincan suture zone (Cemen et al. 1999 TuzgolU 
Basin; Dirik et al. 1999 Sivas Basin). If this were the case the Ulukila Basin could relate 
to the break-off and rotation of a continental promontory rather than a microcontinent. 
If no suture existed, all of the Taunde ophiolitic units must have been thrust from the Pontide 
suture bounding the southern margin of Eurasia, implying thrusting >350 km, which seems 
unlikely. In addition to this, the most obvious explanation of the subduction component (e.g. 
negative Nb anomaly) in the Ulukila basalts is that it was inherited from some earlier 
subduction in the area, possibly related to formation of the Alihoca Ophiolitic Mélange, itself 
interpreted as a dismembered supra-subduction zone-type ophiolite (Parlak et al. 2000). The 
generally accepted view (Lytwyn & Casey 1995; Polat & Casey 1995; Dilek et al. 1999), is 
that the Pozanti-Karsanti Ophiolite (and with it the Alihoca Ophiolite) was rooted in a local 
oceanic basin at the northern margin of the Tauride continent. Given these points, a northern 
Neotethys history that includes an Inner Tauride Ocean is the preferred option, although this 
has not been definitively proven. 
Assuming the existence of an Inner Tauride Ocean, the suggestion presented here is that after 
closure of this oceanic strand by "soft collision", marked by ophiolite emplacement, but 
without any pervasive compressional continental deformation, the suture zone south of the 
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Nigde-Kirehir Massif underwent various types and amounts of rifting. These processes 
accommodated "adjustments" of the microplates to "fit" in the collage of microplates that 
make-up present day Turkey. The result was a series of rapidly developing, deep-water 
turbidite basins that also saw varying amounts of within-plate volcanism. The concentration 
of volcanism in the Ulukila Basin and the deposition of a great thickness of sediment in a 
relatively small area suggests that the basin was the focus of this action. This may be due to 
the location of the basin in the middle of the system and / or at the southern apex of the 
roughly triangular Nide-Kirehir Massif. Final closure of the system is represented by 
compressional deformation oriented perpendicular to the long axes of the basins at the end of 
the Eocene. Subsequent uplift and erosion resulted in the sub-Oligocene unconformity 
observed in all of the basins. 
7.3.1.1. 	The Nide-Kirehir Massif 
As noted above, the Nigde-Kirehir Massif and it's location may have had a fundamental 
impact upon the formation of the Ulukila Basin. The shape of the Nide-Kirehir Massif is 
that of a soutward pointing triangle with it's apex immediately to the north of the Ulukila 
Basin. Originally, the "triangle" was oriented with its southeastern side to the south and a 
northward pointing apex, as evidenced by an average of 33° of anticlockwise rotation since 
the Eocene (Tatar et al. 1996). The majority of this rotation occurred during the Quaternary 
(Tatar et al. 1996), by which time the geographic relationship of the Nigde-Kirehir Massif 
and the Ulukila Basin would have been fully established. This phase of rotation, thus, had 
no bearing on the formation of the Uluki1a Basin; this does not preclude the possiblility of 
an earlier rotational event, which would, given the proximity, have had an have effect on the 
Ulukila Basin. 
There is sparce published information discussing the triangular shape of the Nigde-Kirehir 
Massif. Presumably this occurred as a result of the rift history of the unit. Whether it was a 
rifled promontory of Gondwana or a rotated promontory of the Tauride / Bolkar Carbonate 
Platform the triangular shape of the Massif would have profound implications for accretion 
in northern Neotethys under collisional and rotational conditions. As noted above, the 
proximity of the Ulukila Basin to the apex of the Nigde-Kirehir Massif may thus have been 
a controlling factor. 
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7.3.2. The UIukuIa Basin 
The precise nature of rifling and the mechanism that led to development of the Ulukila 
Basin remains somewhat unclear. The subsidence curve presented in Section 4.4.2. shows a 
short, slow rifling phase at the very beginning of the basin evolution, followed by very rapid 
subsidence, which led to volcanism. Following this, gentle subsidence occurred, which 
might be interpreted as thermal subsidence. It is important not to over interpret this simple 
tool (Jon Turner, pers. comm. 2002) and, as such, the curve is not directly indicative of a 
particular basin-type. However, the clear deviation from foreland basin traces rules out this 
option. The curve shows strong subsidence that is likely to be associated to rifting, either 
under an extensional or strike-slip pull-apart regime. 
The sedimentology of the Ulukila Basin is consistent with the view that strong faulting was 
active in the early history of the basin. The Halkapinar Formation exhibits fault-controlled 
megabreccias and is interpreted as a faulted slope apron. The faulted slope apron facies is 
commonly found in strike-slip and extension-dominated basins. Large thicknesses of 
moderately deep-water sedimentation in a relatively small basin is also indicative of a strike-
slip setting (Allen & Allen 1990). 
Faults that were active in the early stages of the Ulukila Basin history are not well 
preserved, as discussed at some length in Chapter 5. One possibility that arose during the 
study was that the basin underwent rifling by asymmetrical faulting. Steep faults were 
envisaged at the southern margin, whilst the north may have been faulted by the relatively 
low-angle fault that marks the border of the basin to the present day and has accommodated 
uplift of the Nide-Kirehir Massif. If this were the case, the setting is suggestive of 
asymmetrical rifling similar to that seen in the Basin and Range, Western U.S.A. 
In view of these points, which have come out of the study of the Ulukila Basin, it can be 
proposed that the basin is either a rift basin or a strike-slip pull-apart basin that developed 
along a suture zone, almost immediately after incipient collision of two micro-continental 
units ("soft collision"). The driving forces behind the extension are likely to have been 
complex, but must have related to the complex accretion of the microcontinental units. Four 
models are presented here that take into account the geological setting and may have led to 
extension and formation of the Ulukila Basin: 
368 
• Strike-slip under lateral adjustment of blocks 
• Strike-slip under rotational adjustment of blocks 
• Extension resulting from a suspended oceanic slab 
• Extension resulting from subduction roll-back located further south 
These are not shown in any particular order of preference, and it should also be noted that 
the models are not mutually exclusive. 
Strike-slip under lateral adjustment of blocks 
In this model (Fig. 7.6) the Ulukila Basin developed as a strike-slip pull-apart basin in a 
trans-tensional setting. Following closure of the Inner Tauride Ocean the microcontinents 
either side of the suture began to move in opposite directions alongside each other under in 
order to fully accrete. This would have led to areas of transpression and trans-tension along 
the suture zone, and the Ulukila Basin could be located in one of these sites of trans-tension 
that caused extensive subsidence and volcanism. Strike-slip and extension of the basin may 
have ceased when the microcontinental blocks were in a more appropriate relative position 
for accretion, leading to a period of thermal subsidence and finally compression, uplift and 
final suturing. 
Strike-slip under rotational adjustment of blocks 
This model (Fig. 7.7) is similar to the one presented above; however, in this case the trans-
tensional setting is the result of rotation of a block rather than lateral movements. Sanver & 
Ponat (1980) reported anticlockwise rotation of the Nide-Kirehir Massif in the Eocene, 
which could account for this proposed setting. However, the paper is somewhat dated and 
the palaeomagnetic techniques and analysis used may be unreliable (A. Morris, pers. comm. 
200 1) and cannot be relied upon. Another problem is that the main phase of rifting in the 
Ulukila Basin occurs in the Palaeocene and thus, were rotation of the Nigde-Kirehir Massif 
the cause of extension, this should be well advanced by this time. More reliable 
investigation into the Early Tertiary palaeomagnetic history of the Nigde-Kirehir Massif is 
required to test this model. 
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Figure 7.6— Proposed model for formation of the UIukila Basin as a strike-slip pull-apart 
basin resulting from lateral adjustment of microcontinents (plan view); UB = Ulukila Basin, 
BCP = Bolkar Carbonate Platform, NKM = Nide-Kirehir Massif, AOM = Alihoca Ophiolitic 
Mélange and Alihoca Ophiolite 
Figure 7.7 - Proposed model for formation of the Ulukla Basin as a strike-slip pull-apart 
basin resulting from rotational adjustment of microcontinents (plan view); see Fig. 7.6 for key. 
Extension resulting from a suspended oceanic slab 
In this model (Fig. 7.8), extension orthogonal to the suture zone is inferred to result from the 
influence of a relict oceanic slab suspended beneath the suture zone. The origin of the slab 
would be subduction of the Inner Tauride Ocean and, as a relatively young suture zone the 
remaining slab could depress the crust above the former ocean prior to breaking off, resulting 
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in isostatic readjustment and uplift. This does not however account for the Eocene 
compression in the Ulukila Basin, which would thus have occurred by some other means. 
Figure 7.8 - Proposed model for formation of the Ulukila Basin as a result of the 
gravitational pull of a suspended oceanic slab (cross-section view); see Fig. 7.6 for key. 
Extension resulting from subduction roll-back located further south 
Following (and during) closure of the Inner Tauride Ocean the locus of subduction, 
accommodating the northward drift of Africa, may have migrated south. A northward 
directed subduction zone may thus have been located south of the Bolkar Carbonate Platform 
resulting in closure of the southern Neotethys. This proposed subduction zone may have 
continued to have an effect on the now closed Inner Tauride Ocean suture zone. Were 
subduction zone "roll-back" to occur, this may have exerted some extension force on the 
Bolkar Carbonate Platform and with it the area to the north. The freshly closed suture may 
have provided an appropriately oriented weak zone in which extension was concentrated, 
leading to formation of the Ulukila Basin. 
S N 
Subductionof 	 AOM 	
UB S. Neotethys 
BOP 	— KM 
Figure 7.9 - Proposed model for formation of the U1ukila Basin in response to roll-back in a 
remote subduction zone in Neotethys (cross-section view); see Fig. 7.6 for key. 
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Summary of models 
Whilst none of these models can be confirmed, they are all possibilities that fit with the 
tectonic arrangement of plates at the time of formation of the Ulukila Basin. All four 
models also follow the basic premise that the Inner Taunde Ocean suture zone remained 
active following initial closure of the ocean. It should be noted that the models do not 
necessarily require the presence of an Inner Tauride Ocean and could have been active in a 
fully within-plate setting. The models are not mutually exclusive and all reflect overall 
convergence of Tethys and suture-zone tightening throughout Anatolia. 
Whilst the comprehensive study of the Ulukila Basin presented here has advanced 
understanding of the regional setting during the Palaeogene, the exact nature of the basin's 
formation remains indefinite. The models presented above are indicative of potential 
settings, however, to fully discriminate between them further work is required. A definitive 
understanding of the formation of the Ulukila Basin may be achieved by: 
• more detailed research of, and comparison to, other central Anatolian basins; 
• palaeomagnetic investigation of the Palaeogene history of the region; 
• regional structural investigations; 
• further investigation and comparison of volcanic rocks comparable with the Ulukila 
Formation (e.g. in the $arkila Basin, Tuzgolu Basin etc.). 
Of these, palaeomagnetic studies and basin comparisons may be of greatest use. 
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7.4. IMPLICATIONS OF THE ULUKILA BASIN EVOLUTIONARY HISTORY 
The history of the Ulukila Basin has implications that should be considered if it is to be 
considered as representative of other basins in central Anatolia. These are outlined below in 
roughly chronological order with respect to when events took place in the basin history: 
• The study has shown the lithostratigraphy of the Ulukila Basin appears to have been 
largely deposited above a normal contact overlying the Alihoca Ophiolitic Mélange 
rather than exhibiting a tectonic contact with the mélange; the suggestion being that the 
basin developed separately from the mélange rather than as part of a continuum of events 
from a pre-existing ocean. 
• The Ulukila Basin exhibits strong extensional control as evidenced by fault related 
facies early in the basin history and the strong subsidence pulse on the subsidence curve. 
• Volcanism is extensive in the Ulukila Basin, which is a marked deviation from most 
other basins in the region; the $arki1a Basin being the only other Anatolian basin with 
comparable amounts of volcanism. Volcanism has been characterised as representative 
of a within plate setting with an inherited subduction signature and the lack of volcanism 
in the other basins, suggests that this interpretation is vital to unravelling the tectonic 
history of the area, including that of the other basins. 
• The above points regarding extension of the basin suggests that basin formation was 
very rapid; however, the post-volcanism history indicates a relatively long period of 
regression, which may have been accompanied by limited thermal subsidence. 
• Following this gentle regression phase, full closure of the basin is marked by extensive 
compressional deformation in the Late Eocene. Compression not only affected the basin 
but is also evidenced by extensive deformation of the Bolkar Carbonate Platform, 
including the development of a large-scale anticlinorium and pervasive back-thrusting. 
Wider implications can also be drawn from the work presented here: 
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• The Ulukila Basin was constructed on a northern Neotethyan suture zone, which must 
then have been closed before the Maastrichtian (at least in this area). 
• The formation and continued development of the basin along this suture zone suggests 
that the suture remained active after initial closure, which in turn supports the view that 
Neotethyan microcontinents were not fully accreted until the middle Tertiary. The 
suggestion here is that the suture zone remained active for up to 30 Ma prior to final 
closure as a result of regional compression. During this time, the continued convergence 
of Africa and Europe must have been accommodated elsewhere in the Neotethyan 
system. It is notable that subduction in the Eastern Pontides (NE of the Ulukila Basin) 
continued into the Late Palaeocene indicating diachronous closure of northern 
Neotethys. 
• It has been shown that extension in the Ulukila Basin may tie in with unroofing of the 
Nigde-Kirehir Massif, earlier than previously envisaged. Continued work on the burial 
history of this unit may lead to a better understanding of its role in the closure history of 
Neotethys. 
• The interpretation presented here was largely conducted within the constraints of a 
model that includes the existence of an Inner Tauride Ocean, as discussed above. 
Because the proposed suture zone is covered by the Ulukila Basin it remains difficult to 
confirm or deny its existence. Further work on the ophiolites, well beyond the scope of 
this project, may provide an answer to this long standing issue of Eastern Mediterranean 
geology. 
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7.5. GLOBAL COMPARISONS 
The complex and prolonged process of microcontinental collision indicated by the 
geohistory of the Ulukila Basin (and other central Anatolian basins) suggests that collision 
of microplates can be a three stage process involving an initial "soft collision" event, a 
period of readjustment of microplates around suture zones and a final stage of "hard 
collision". This segmententation of processes in an area of overall diachronous collision 
may be applicable to other continental collision zones, for example the closure of Iapetus 
(Soper et al. 1992; Strachan et al. 1992) or the Tibetan suture zone (Hodges 2000). Modem 
day settings where these processes could be active include the modem Eastern 
Mediterranean (Robertson 1998), the Caribbean (Gordon & Muehlberger 1994) and the SW 
Pacific (Hall 2002). 
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CHAPTER 8. CONCLUSIONS 
A number of conclusions can be drawn from the study of the U1ukila Basin presented in this 
thesis. Certain of these are the factual discoveries made during the research, others relate to 
the interpretation of the basin history and the wider implications for the tectonic evolution of 
Anatolia. 
8.1. FACTUAL DISCOVERIES 
The stratigraphy of the Ulukila Basin has been significantly revised, both in terms of 
lithostratigraphy and biostratigraphy. The biostratigraphic control provided with the 
assistance of Prof. tnan and Dr. Tasli of Mersin University has compressed the early 
sedimentological history of the basin helping to highlight the domination of turbidite 
deposition and volcanism in the Palaeocene. 
The revised stratigraphic scheme takes into account the evolution of the basin. The 
sedimentological work presented has characterised the basin history in terms of facies and 
facies relationships and a relatively simple account has been reconstructed. The area now 
forming the margins of the basin was transgressed in the Maastrichtian, followed by 
extensive fault-controlled subsidence. Extensive subsidence was accompanied by turbidite 
deposition and widespread submarine volcanism towards the centre of the basin. Cessation 
of volcanism was followed by a period of shallow-marine deposition and a long-lasting 
regression phase that eventually led to deposition of evaporites. 
Subsidence curves constructed for the Ulukila Basin back up the sedimentological 
interpretation showing a strong pulse of subsidence early in the basin history, followed by 
relatively modest subsidence during the regression phase that may be attributed to thermal 
subsidence. A more marginal setting shows reduced subsidence, but parallels the curve for 
the basin axis. 
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The geochemistry of the volcanic suite in the Ulukila Basin was investigated using XRF 
and a within-plate setting is indicated. The geochemistry also shows a subduction signature, 
believed to be inherited from a pre-existing subduction zone in the region of the basin. 
The structural history of the basin was divided into six deformational events, each of which 
was characterised to some extent and the regional implications of the events were also 
discussed. The dominant structural characteristic of the Ulukila Basin is a strong 
compressional event in the Late Eocene, which has been related to the first stages of regional 
"hard" collision and final closure of the Northern Neotethys system. In general, the 
structural history of the Ulukila Basin is one of pulsed compression and extension until the 
tightening event in the Middle Eocene (event number five in Chapter 6). Strike-slip 
deformation related to the Ecemi Fault Zone also affects the basin. 
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8.2. INTERPRETATIVE CONCLUSIONS 
Important discoveries have been made that have implications for further study in the region, 
some of which affect the issue of the former existence of an Inner Tauride Ocean, whilst 
others stand alone. 
If an Inner Tauride Ocean existed it has been shown that the basin was closed before the end 
of the Cretaceous, considerably earlier than previously believed. It has been shown that the 
resulting suture zone would have remained active for a long time after initial closure and 
"soft collision" (-30 Ma), rather than being a site of intense continent-continent collision. 
Reactivation of the suture zone in this period may have provided a weak zone for formation 
of the Ulukila Basin, and others in southern Anatolia, under forces of extension and / or 
strike-slip resulting from the movement of microplates around the suture. 
If the Inner Tauride Ocean did not exist, the history of the Ulukila Basin still has 
implications for the closure of Neotethys. It has been suggested that the basin is related to 
other basins of central Anatolia (Tuzgolu, Sarkila and Sivas). These basins were sites of 
large-scale extension and subsidence in the Maastrichtian and Palaeocene along a lineament 
to the south of the Nigde-Kirehir Massif. The tectonic regime at this time must account for 
this activity, and it follows that continent-continent collision and accretion ("hard collision") 
was held back for a similar amount of time to that mentioned above, following closure of the 
northern Neotethys. 
A wider implication of the work is that microcontinental collision zones involve a complex 
interaction of tectonic processes and settings, which can remain active for considerable 
periods of time (-j 30 Ma). During this time, closure of oceanic basins will not necessarily 
result in immediate continent-continent collision and the resultant suture zones can be sites 
of extension and / or trans-tension and widespread basin formation. 
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APPENDICES 
Appendix I - Palaeontology from earlier studies 
Collation of palaeotological studies from various authors working in the Uluki1a Basin 
(Oktay, 1973; Demirta1i et al. 1984; De1lalolu & Aksu, 1986; çevikba, 1991; Nazik & 
Gokçen, 1992; Sirel,1998). 
Oktay (1973)  
Formation Date Palaeontology 
Kabaktepe Member Oligocene Nummulites 
Discocyclina 
Dentalina 


















Demirtacl: et al. (1984)  
Formation Date Palaeontology 




Kabaktepe Member Late Lutetian ???? 




Gfinid§ Limestone Member Late Lutetian Nummulites aturicus 
Discocycline scalaris 
Gypsina sp. 
Ulukila Formation Early - Middle Eocene Discocyclina sp. 





Halkapinar Formation Middle Palaeocene - 
Middle Eocene  
Upper GUneydai Middle Palaeocene Bolkarina aksarayi 
(Thanetian) Locazina oztemuri 
Fabularia donatae 
Lower Guneydai Lower Palaeocene Missispina sp. 
Upper Kalkankaya Formation Early Palaeocene Missispina sp. 
Lower and Middle Kalkankaya Late Maastrichtian Omphalocyclus sp. 
Formation Loft usia Minor 
Orbitoides media 
Upper Dedeli Formation Late Maastrichtian Omphalocyclus sp. 









Lower Dedeli Formation Campanian Praeglobotruncana sp. 
Hedbergella sp. 
Rotalipora sp. 
Upper çiftehan Formation Late Campanian- Globotruncana cf calcerata 




Lower ciftehan Formation Early Senonian Globotruncana lapparenti 
Globotruncana cf. marginata 
Globotruncanafornicata 
Globotruncana arca 
Del1aloIu & Aksu (1986)  
Formation Date Palaeontology 
Ovacik Formation - (Oktay's Middle - Late Palaeocene Planorotalites chapmani 








Karata§ Limestone Member Upper Maastrichtian - Alveolina sp. 
(GUneydai Equiv / Basmakçi Upper Palaeocene Disticoplax biseriatis 
Equiv) (??) Globorotalia triloculiniodes 
Planorbulina cretae 
Lower Ulukisla Formation Late Maastrichtian Laffitenia sp. 
Limestones  Loflusia sp. 
cevikb 	(1991) 
Formation I Date 	 Palaeontology 
Yenikoy Formation Palaeocene - Lower & Discocyclina 
Middle Eocene Rotalia 
Nummulites 








Globorotalia cf Compressor 
çifiekoy Member Upper Palaeocene Globorotalia 
Globigerina 
Andesites, pillow lavas, Middle Palaeocene Globorotalia cf. Ehrenbergi 
agglomerates Globorotalia velescaensis 
Globorotalia 
Globigerina 









Nazik & Gokcen (1992)  
Formation Date Palaeontology 
Middle Kurtulmutepe Middle Aquitanian Zonocypris kurtulmustepeensis 
Formation Zonocypris ulukislaensis 
Zonocypris gokceni 
Lower Kurtulmutepe Lower Miocene - Neocyprideis williamsoniana 
Formation  
Kabaktepe Member - (Basal Upper Oligocene Cladaroct here hantonensis 
Kurtulmu§ of Demirtali et a! C. Apostolescui 
1984)  Hammatocyt here 
Sire! (1998)  
Formation Date Palaeontology 
Halakapinar Formation Lower - Middle Eocene Globigerina 
Globorotalia 
Upper Kalkankaya Formation Upper Palaeocene - Bolkarina aksarayensis 
Thanetian Micellanea ? primitivia 
Pseudolacazina oeztemueri 
Pseudolacazina donatae 
Middle Kalkankaya Formation Lower Palaeocene - Mississippina ? binkhorsti 
Danaian Planorbulina cretae 
Discorbis 





Appendix 2 - Petrography 
çiftehan Unit 
Sample No. 	MC99/24 
Location Alihoca 
Folk I Dunham Biomicrite / bioclastic mudstone / wackestone 
Description 	This rock comprises approximately (<) 80 % fine-grained red calcareous 
mudstone / micrite and (>) 20 % planktonic foraminifera. The 
foraminifera tests are well preserved, recrystallised and occasionally 
entirely in-filled with micrite; partial in-filling with micnte is common. 
Sample No. 	MC99/25 
Location Alihoca 
Folk / Dunham Biomicrite I bioclastic mudstone / wackestone 
Description 	Similar proportions of constituents to MC99/24, although some parts of 
the rock almost entirely comprise micrite. Again planktonic foraminifera 
dominate the fauna, commonly uniserial forms. The fossils are aligned 
parallel to a partial lamination in the rock. The mud is consistently very 
fine grained. There are minor amounts of opaque minerals, which are 
surrounded by red "iron staining". 
Sample No. 	MC98/45 
Location Alihoca 
Folk / Dunham Biomicrite I bioclastic wackestone 
Description 	20-30 % of this rock are planktic foraminifera held in a dark red micrite 
matrix comprising most of the rest of the rock. The foraminifera are 
extensively recrystallised as fine sparry calcite, most of the original 
structure being lost. Circular forms are common and Globotruncana is 
prevalent. Opaque minerals constitute 3-4 % of the rock. The rock is 
thinly laminated, which is highlighted by feathery "stringers" of darker 
mud material. Some fossil material is infihled with quartz and these 
appear to be radiolaria, mostly these are round forms (spumellaria), 
although some cone shaped (nassellaria) examples are present. 
Aktatepe Formation 
Sample No. 	MCOO/42 
Location Aktatepe - lowest part of Aktatepe Member 
Rock type 	Sandstone 
Description This is a quartz-rich sandstone with a carbonate cement. The grains are 
angular to sub-rounded and are poorly sorted in micro-scale, varying from 
<0.5 mm to 2 mm in diameter. In parts of the thin section a carbonate 
matrix is seen. Large pore spaces up to 4 mm across are seen, but porosity 
is generally low. There is also a noticeable amount of chlorite, talc and 
other clay minerals present (see section 3.3.6 for point counting data). 
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Sample No. 	MCOO/37 
Location Aktatepe - lowest limestone part of Aktatepe Member 
Folk / Dunham Biomicrite-spante / wackestone 
Description 	This is a coarse micrite-supported limestone containing 50-60% bioclastic 
material. Bioclasts are almost exclusively benthic foraminiferal tests, 
apart from a small number of echinoid spines and some microbial 
material. The foraminifera are varied, although dominated by a large (up 
to 1 -2mm) trisenal miliolinid. There are also smaller rotalliina and some 
trisenal tests in section. 
As mentioned above, the rock is supported by a micntic matrix, however, 
some parts also exhibit a sparry calcite cement. The chambers of the 
foraminifera are infilled with very fine calcite spar on the inside of the 
walls and coarser crystals in the chamber cavity. Encrustations of 
microbial material is seen on some tests. 
Sample No. 	MCOO/38 
Location Aktatepe - mid part of the Aktatepe Member 
Folk / Dunham Microbial bio-intra spante / Microbial wackestone; bioclastic intramicrite 
Description 	This rock contains 1-4 mm-sized angular grains (intraclasts) of microbial 
biomicrite held together by a sparite cement. Microbial oncoliths are also 
present as grains. The intraclasts themselves contain oncoliths, 
dismembered microbial 'mats', foraminifera (benthic & planktonic), shell 
fragments and echinoid spines. There are also structures which appear to 
be replaced coral, with the skeleton replaced by sparry calcite and the 
voids filled with micrite. All of the bioclasts in the rock are fragmental, 
although some complete fossils are present in the lithoclasts. The overall 
appearance is one of re-deposition of a microbial-rich carbonate sediment 
prior to consolidation. 
Aktatepe Formation - Kalkankaya Member 
Sample No. 	MC99/23 & MCOO/35 
Location Kalkankaya Tepe 
Rock type 	Sandstones 
Description MC99/23 is a coarse to very coarse sandstone (0.5-2 mm grains). The 
grains are rounded, but not spherical and the rock is generally grain 
supported. There is little apparent matrix, although two cements are seen, 
a sparry calcite, which is only present is parts of the rock, and a brown-red 
coating, which covers all of the grains. There is some calcite overgrowth 
of limestone grains. The rock is moderately sorted and shows close 
packing, but no grain suturing is evident. MCOO/35 is very similar to 
MC99/23, although grains are not as rounded and the sediment shows 
tighter packing. (See section 3.3.6 for point counting data) 
Sample No. 	MCOO/22 
Location Kalkankaya Tepe - Lower part of Upper Kalkankaya Member 
Folk / Dunham Bioclastic intramicnte / Bio-grape wackestone 
Description 	Sample MCOO/22 is a micrite supported limestone, rich in bioclastic 
material and containing grapestones as intraclasts. The bioclasts are 
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usually small, <0.5mm, in diameter. They are largely foraminifera, 
dominated by benthic types. Other bioclasts include microbial grains, 
broken shell fragments and a few examples of echinoid spines (displaying 
pseudo uniaxial crosses). Foraminifera include miliolinids (preserved 
with micrite replacing the tests) and rotaliinids. Some micrite intraclasts 
are also present in the section. 
Grape stones (15-20 % of rock, with algal framework) are present in the 
section and are often spherical, although sometimes oblate with 1-3 mm 
long axis. Small particles, including benthic foraminifera, spines, calcite 
crystals are held together with micrite and have a microbial crust along 
edges boundaries. One grapestone shows crust precipitation half way 
through and a second phase of particle accretion and an outer crust. 
Several grapestones have more than two layers of growth. The crust is 
made up of radiating calcite crystals with micritic mud between the layers. 
Aktatepe Formation - Guneydai Member 
Sample No. 	MC99/79B 
Location North of Dedeli village - lower part of Guneydagi Member 
Folk I Dunham Biosparite I Grainstone (bioclastic) 
Description 	In this rock bioclasts are set in a fine sparite cement, pervasive throughout 
the thin section. Individual grains of the cement are very small and some 
parts of the rock are entirely micritic. The bioclastic material varies in 
size, is poorly sorted and often fragmented; a small number of rare lithic 
clasts are also present. Bioclasts include several microbial forms, round, 
elongate and feathered, which vary in size from <0.5 mm to >3mm. 
Chambered parts are filled with fine sparry calcite and the walls are 
preserved as micrite. Other bioclasts include bryozoans, shell fragments, 
gastropods, echinoid spines and plates, ostracods and coral. 
Sample No. 	MCOO/48 
Location çakillar Gorge - Top of Guneydai Member 
Rock type 	Calcarenite - Dolomitic calcarenite 
Description This sample constitutes fine (sub 0.5mm), euhedral to subhedral crystals 
forming a granular texture. The grains typically have angular crystal faces 
and are brown at the edges. Others are transparent and have the optical 
properties of calcite. The crystals are dolomite. There is some evidence 
of replacement of bioclastic fragments although it is difficult to determine 
the original type, (possibly shells and biyozoan). The rock is grain 
supported with a dark cement between grain boundaries. Some patches in 
the rock retain the sparry nature seen in sample MC99/79B. 
Sample No. 	MC99/75 
Location çakillar Gorge - Top of GUneydai Member 
Rock type 	Calcarenite 
Description Similar to MC00148 although other grain types are clearly present, 
including sparry limestone (15-20%), chambered bioclasts (10%), micritic 
limestone grains (2%) and minor amounts of quartz and shell fragments. 
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Aktatepe Formation - Omerli Member 
Sample No. 	MC99/114A 
Location Ardiçh Road - Lower part of Omerli Member 
Rock type 	Calcarenite 
Description This is a matrix supported, fine-grained sandstone. The grains are 
between 0.2 and 1 mm in diameter, sub-angular with rather diffuse 
margins, masked by calcite overgrowth.. The matrix is a mixture of 
carbonate and siliceous mud, with one type dominating in particular parts 
of the rock; there is no regular pattern to the distribution. Sparry calcite is 
also present. In general, the rock is poorly sorted with a chaotic texture 
(no preferred grain shape or orientation is seen). The grains are dark in 
colour and are dominated by relatively fresh aphyric and feldspar-phyric 
lava. (See section 3.3.6. for point counting data). 
Sample No. 	MCOO/28 
Location Ardiçli Road - Lower part of Omerli Member 
Rock type 	Calcarenite 
Description This rock is similar to MC99/1 14A; however, the average grain-size is 
higher (up to 4-5 mm) and the grains are sub-rounded. The matrix is also 
finer grained, but once again varies from carbonate to siliceous. There is 
no sparry calcite cement. In general this rock is "cleaner" than 
MC99/114A. (See section 3.3.6. for point counting data). 
Sample No. 	MC99/57 
Location Ardich Road - Top of Omerli Member 
Folk / Dunham Biomicrite / Mudstone 
Description 	This is a very fine-grained micritic limestone containing planktonic 
foraminifera. The foraminfera typically have spherical tests, although 
some truncated varieties are present (Globotruncana). The tests are made 
of recrystallised calcite but the chambers are split roughly 50:50 into those 
with fine sparry calcite precipitated into them and those containing 
micrite. 
A limited amount of other grains are present including opaque minerals 
(frequently very small), rare micrite peloids, individual calcite crystals, a 
large foraminifera and small broken shell fragments. 
Sample No. 	MC99/97 
Location Ardiçli Road - Top of Omerli Member 
Folk / Dunham Biomicrite / Mudstone 
Description 	On the whole, same as MC99/5 7 although slightly coarser and more of the 
large truncated planktonic foraminifera are seen. A slight lamination is 
present in the rock and there is a considerable amount of fragmented test 
material, which is suggestive of more current activity than evidenced in 
MC99/57. 
Halkapinar Formation - West Section 
Sample No. 	MC99176 
Location çakillar Gorge - Biter Dag section - Lower Halkapinar Formation 
Folk / Dunham Lithosparite / Wackestone 
Description 	This rock is a calcarenite of coarse sand-grade grains held in a sparite 
cement. The grains are sub-angular and moderately well sorted. The 
grains are largely micritic limestone and igneous rock grains. The igneous 
rocks are typically altered basic rocks rich in mafic minerals and feldspars. 
Some quartz grains are also present in the sandstone (see section 3.4.1.5. 
for point counting data). 
Sample No. 	MC99/85 
Location çakillar Gorge - Biter Dag section - Mid part Halkapinar Formation 
Folk I Dunham Biomicrite / Packstone 
Description 	This rock is a bioclast-rich (90%) limestone with a supporting micrite 
matrix. Bioclasts are varied and chambered clasts are infilled with calcite 
spar; up to 20% of the bioclasts are fragmental. The bioclasts are 
dominantly foraminifera and microbial oncoliths and mats. The 
foraminifera include miliolinids, rotallinids and globigerinids. Also 
present are bryozoan fragments, echinoid spines and plates and 
gastropods. There are also a few lithoclasts of micritic limestone. 
Sample No. 	MC99/87 
Location çakillar Gorge - Biter Dag section - Mid part Halkapinar Formation 
Folk / Dunham Biomicrite / Packstone 
Description 	Similar to MC99/85 although the average grains size is lower, 
approximately 0.25 mm (see section 3.4.1.5. for point counting data). 
Sample No. 	MC99/89 
Location çakillar Gorge - Biter Dag section - Mid part Halkaprnar Formation 
Rock type 	Sandstone 
Description This rock is a sandstone with medium sand grains, (average grain-size is c. 
0.5 mm) dominated by lava grains although a large proportion of 
carbonate is also present. The grains are interlocking and little matrix is 
evident. They are typically sub-rounded and commonly have iron staining 
at the edges. There is some sparry calcite in gaps between grains. (See 
section 3.4.1.5. for point counting data). 
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Halkapinar Formation - GCjmCj§ Section 
Sample No. 	MC98/14 
Location Gumü section - Lower part Halkapmar Formation (Basal limestones) 
Folk / Dunham Microbial micrite / Wackestone 
Description 	This rock consists largely of microbial material, typically oncoliths, 
although other grains of fragmented layered microbial mats are also 
present. The grains are supported by a micritic matrix. An example of 
microbial structures encrusting an echinoid spine is present. Other 
bioclasts include corals and minor amounts of shell fragments. Elongate, 
feathery calcite grains are present and rare uniserial foraminifera. Grains 
vary from 6 mm to sub-mm scale, with the smaller grains typically being 
fragmental. In one example grains have remained close together after 
fragmentation and are seen to fit together. 
Sample No. 	MC98/35 
Location GUmü section - Lower Halkapinar Formation (Re-dep limestone) 
Folk / Dunham Biosparite / Packstone 
Description 	This rock is a sparry-calcite rich, bioclastic limestone. There is a large 
amount of microbial material present and some coral. The microbial 
structures include layered grains, branch-like forms and oncoliths. The 
corals have cavities infilled with micrite, which is in some places replaced 
by sparry calcite. The grains are moderately rounded. Chambered 
bioclasts of varying origin are commonly seen and usually infilled with 
sparry calcite. Lithoclasts of other limestones are present, usually bio-
micrite, although some sparry limestone is seen. A few sections through 
echinoid spines are seen. Compared with other samples relatively few 
foraminifera are seen (only 2-3 examples in the whole thin section). 
Sample No. 	MCOO/8A 
Location Gilmil§ section - Mid part Halkapinar Formation (Re-dep limestone) 
Folk / Dunham Lithomicrite / Wackestone 
Description 	This is a poorly sorted rock of angular carbonate rock fragments set in a 
matrix of calcareous mud. The grains vary in size from <0.25 mm to 6 
mm across. The majority (-80%) of the grains are biomicrite with 
subordinate sparry calcite alteration. The biomicrite is partially 
recrystallised and the fossilised material appears as "ghost structures" 
making it difficult to establish the original organism. Other grains include 
several mm-sized echinoid plates, recrystallised sparry limestones and 
foraminifera. The grains are angular and show no carbonate overgrowths. 
Sample No. 	MC98/37 
Location GUmU section - Mid part Halkapinar Formation (Turb sst) 
Rock type 	Fine-grained sandstone 
Description This is a fine-grained sandstone, in which individual grains are hard to 
distinguish. The rock consists of very fine carbonate, clays (brown, 
masking interference colours) and some replaced or infilled microfossils. 
Many fossils appear to be globigerinids with thin walled, spherical 
chambers. Section through Ostracods, which have a long axis 1/3mm, 1/6 
mm short axis and overlapping carapaces, are also seen. 
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Larger broken bioclasts of shell material and echinoid spines can be seen 
but are relatively rare. Where present, the grains are infilled with, and 
replaced by, sparry calcite. These form about 1-2 % of the rock, but only 
as a result of their size, some examples being several mm in diameter. 
Sample No. MCOO/3 
Location Gdmii§ section - Mid part Halkapinar Fmn (turb sst nr GumU village) 
Rock type Calcirudite / calcarenite 
Description This rock is a carbonate rich rudite / coarse sandstone that contains large 
amounts of bioclastic material, igneous rock grains and sporadic schist 
grains; a large grain / clast of biomicrite is also present. The grains are 
usually supported by a matrix consisting of both sparry and micritic calcite. 
Bioclastic grains are either microbial or miliolinid foraminifera. The grains 
are subangular and moderately sorted (see section 3.4.1.5. for point 
counting data). 
Sample No. 	MC98/38B 
Location GumU section - Mid part Halkapinar Formation (turb sst) 
Rock type 	Calcarenite 
Description This calcarenite contains grains of reworked and redeposited limestone, 
bioclasts and mafic mineral crystals supported in a matrix of sparry 
calcite. Texturally, the rock is varied; some areas have a large proportion 
of sparry calcite cement, whereas other parts are grain supported and 
exhibit a micritic matrix. The rock is moderately to well sorted, with an 
average grains size of 0.75 mm. (See section 3.4.1.5. for point counting 
data). 
UIukiIa Formation - Limestones 
Sample No. 	MCOO/13 
Location Unlukaya 
Dunham 	Grainstone 
Description This limestone is dominated by two grain types, bryozoan fragments 
(long, often curved, stems with characteristic inclined chamber walls) and 
Discocyclina foraminifera. Other foraminifera present include a small 
number of planktonic fossils. The bryozoan fragments make up a notably 
large proportion of the rock (>40 %). However, other grain types are 
extensive and varied, including intraclasts of foraminifera-rich micrite, 
echinoid plates, echinoid spines, microbial structures, opaque minerals, 
mudstone, igneous rock fragments (i.e. feldspar-phyric lava) and quartz. 
Grain-on-grain contacts are common but this is generally a cement-
supported rock, the cement consisting of fine-grained sparite. Spacing 
between grains is rarely more than 100 jim. 
Sample No. 	MCOO/31A 
Location Northeast of çiftehan (Loc 15 1) 
Folk / Dunham Bryozoan micrite / Wackestone 
Description 	This rock is very similar to MCOO/13; however, there are no large 
foraminifera present and there is more micrite matrix than sparry calcite 
cement. Bryozoans also make up a higher percentage of the rock (>60%). 
There are also a greater number of planktonic foraminifera. 
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Microcrystalline silica is usually circular, with calcite overgrowth. 
Sample No. 	MC99/61 
Location Ardiçh road 
Rock type 	Mudstone 
Description This rock is a calcareous mudstone, dark red (in hand specimen), dark 
grey in plane-polarised-light. There is also a fraction of opaque material, 
occasionally forming larger grains (up to 100 jim across). The rock also 
contains a large amount of sparry calcite, which has wholly replaced 
biogenic material destroying the original structure; however, a few larger 
grains (up to 1 mm) show some internal chambers suggesting a biogenic 
origin. Individual calcite spar crystals are 100-200 pm in diameter. The 
replaced grains typically have one long and one short axis, giving an 
elliptical shape. The long axes of these grains are usually oriented parallel 
to each other. About 1 % of the rock is made up of small quartz grains 
which appear not to have been deformed. 
Sample No. 	MC98/55 
Location cat Mah - Top of the Ulukila Formation 
Folk / Dunham Biosparite / Grainstone 
Description 	This limestone consists of broken fragments of bioclastic material, held 
together by a dark red cement and lesser amounts of micrite and sparry 
calcite. Sparry calcite overgrowths are seen on some grains. 
As well as bioclastic material, grains include very small grains of quartz, 
feldspar and biotite, planktonic foraminifera-bearing micrite, grains of 
bioclastic limestone, mudstone, microbial limestone and chlorite. These 
all represent relatively minor constituents of the rock. The bioclasts 
present include, foraminifera, microbial structures, bryozoan, echinoid 
plates and spines and coral fragments. 
Hasangazi Formation - Basmakci Member 
Sample No. 	MC99/91 
Location Ridge north of Gödeli 
Rock type 	Sandstone from the base of Basmakçi Member 
Description A coarse sandstone set in a sparry calcite cement. The grains are well 
sorted (between 1.5-2mm), subrounded and consist largely of lava 
fragments. Some bioclasts are present including coral, bryozoans, thick-
walled single-chambered foraminifera (1x2 mm diameter), and microbial 
grains. The sparry calcite cement is pervasive through the rock and few 
grain-on-grain contacts are seen. The cement typically comprises quite 
coarse grains. There are also individual grains of clinopyroxene and much 
opaque material and reddish (hematite?) oxide present. 
Sample No. 	MC98/6 
Location Basmakçi Quarry 
Rock type 	Conglomerate from the base of Basmakçi Member 
Description This rock consists of clasts of feldspar-phyric lava set in a biomicrite 
matrix. The lava clasts are subrounded with a calcite overgrowth coating. 
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There is also abundant sparry calcite cement within the lava clasts, 
infihling cavities and replacing altered crystals. 
The matrix is dark micritic siltstone, rich in fragmental bioclastic material 
including bryozoan, microbial grains, echinoid plates, miliolinid 
foraminfera, broken shell fragments and recrystallised coral. A few small 
peloids (< 0.5 mm diameter) are also present. 
Sample No. 	MC98/7 
Location Basmakçi Quarry 
Folk / Dunham Biomicrite / Wackestone 
Description 	This is a partially recrystallised biomicrite, rich in bryozoan and microbial 
fragments. Minor amounts of rugose coral, miliolinid foraminifera, 
echinoid plates and rhodoliths are also present. Generally, the rock is 
dominated by micrite; however, sparry calcite is also present in some 
cavities and bioclast chambers. Microbial structures are present as 
encrusting mats and as spherical structures up to 8 mm in diameter. Other 
broken fragmental bioclasts are present, but are recrystallised to micrite 
masking the original form. 
Sample No. 	MC99/134 
Location Ridge north of Gödeli 
Folk / Dunham Biomicrite-Oosparite / Wackestone-Grainstone 
Description 	Another limestone with partial recrystallisation to micrite. It is also 
patchy in lithology with microbial-dominated parts and biomicrite parts, 
whilst 50% of the rock consists of micritic ooliths in a sparry matrix. 
Ooids in the rock are graded from very fine to 0.5 mm in diameter set in 
micrite, to ooids 5-1 mm in diameter with a sparry calcite cement between 
the grains. The ooids commonly exhibit a concentric growth pattern, most 
clearly developed in the outer 2-3 layers. In a few examples microbial 
grains and bryozoan are trapped in the layers. It is not clear what forms 
the cores of the ooliths. 
The biomicrite layers are much like MC98/7. Echinoid spines and 
discocyclina and miliolinid foraminifera are also seen. 
Hasangazi Formation - GCjmU§ Member 
Sample No. 	MC99/30 
Location Hasangazi Road 
Folk / Dunham Bioclastic micrite / Packstone 
Description 	This rock is a packstone rich in Discocyclina set in a calcareous matrix. 
Large nummulites are also present, up to 5 mm in diameter. The fine-sand 
grade matrix contains bioclasts, calcite grains, feldspars, small amounts of 
quartz and light-brown to-yellow biotite and small foraminifera. The rock 
is also notable for the presence of glauconite which replaces the material 
in some numrnulite tests as well as appearing as individual patches in the 
matrix. Micro-crystalline silica replaces some bioclasts, usually 
nummulites. The bioclasts present are almost entirely foraminifera; plus a 
small number of echinoid plates. The rock differs from many other 
limestones in that there is no microbial input or bryozoans. Some opaque 
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oxides are present (probably hematite), forming 2-3% of the rock. Some 
tiny (< 0.25 mm) grains of olivine and some lava grains are also present. 
Sample No. 	MC98/8 
Location Hasangazi Road 
Folk / Dunham Nummulitic biomicrite / Nummulitic wackestone 
Description 	This limestone is a wackestone in which large nummulites make up 40% 
of the rock. The matrix is micritic and supports varied fragmental 
bioclasts including foraminifera, echinoids, bryozoans and gastropods. 
Small amounts of broken microbial carbonate are also present. The 
foraminifera are dominated by rotalliinids and globigerina types. The 
coarse-grained fragmental nature of the rock is suggestive of high energy 
transport processes in the deposition of the sediment. 
In contrast to MC99130 there is no lava, feldspar or quartz present. 
Sample No. 	MC98/49 
Location Northeast of ciftehan 
Folk / Dunham Glauconite biomicrite / Glauconite packstone 
Description 	This rock is a packstone containing nummulites and Discocyclina with 
minor bioclasts and common glauconite. The foraminifera are often large, 
up to 5 mm and usually complete; however, fragmental grains are also 
present. Microbial material, echinoid plates and echinoid spines are 
present; lithograins are limited to small (<0.5 mm) and strongly altered 
porphyritic lava grains. Other grains include opaque minerals, quartz and 
heavily altered plagioclase feldspar. Generally the rock is grain supported 
with a micrite matrix where there is space between grains. 
Replacement by glauconite is common and indiscriminate. Glauconite 
deposited in nummulite chambers is common and always has an olive 
green colour, whereas replacements of other clasts and large aggregate 
grains (up to 4 mm) are very bright green and usually with inclusions of 
calcite and quartz. 
There is minor replacement of nummulite tests with microcrystalline silica 
and occasional precipitation of quartz in nummulite chambers. There are 
also some microbial grains and echinoid spines. 
Sample No. 	MC99/161 
Location KöscönU - Between Hasangazi & ciftehan 
Folk / Dunham Biomicrite / Packstone - wackestone 
Description 	This rock is a foraminiferal bioclastic limestone. The bioclasts are set in a 
dark grey micritic matrix, but the rock is not entirely matrix supported. 
Grains of altered lava and individual grains of quartz and feldspar are also 
present with the bioclasts. These vary in size from 0.25 to 2 mm and are 
often subrounded. Typically the edges are diffuse and the grains are 
rarely complete euhedral crystals. Feldspars, where still intact and 
identifiable, are plagioclase. The feldspars are Labradonte (60%) as 
determined by the Michel-Levy method. 
Feldspar makes up 5% of the rock, lava fragments 5-10 % and bioclasts 
70-80%. The bioclasts include bryozoans, echinoid spines and plates and 
405 
microbial carbonate. Many foraminifera are present including 
milioliniids, rotalliinids, discocyclina, nummulites, textularininds and a 
few uniserial planktonic foraminifera. 
Bozbeltepe Formation 
Sample No. 	MCOO/2 
Location Kara Gölu - Nummulitic limestone 
Folk / Dunham Biospar-micrite / Packstone 
Description 	This is a packstone rich in foraminifera including Alveolina, Miliolina, 
nummulites, some Discocyclids and other Rotalliina. Less complex two 
and three chambered foraminifera are present and appear to be planktonic. 
Echinoid spines, other smaller foraminifera and broken bioclasts are also 
present and typically constitute part of the rock matrix. There are also 
occasional grains of quartz and plagioclase. The matrix is a mixture of 
mud, sparry calcite and small bioclasts. The rock exhibits patches of 
microbial growth around some bioclasts. In the fossils, chambers are 
filled with calcite spar. The miliolinids display test walls of micrite, 
whereas nummulites have thick walls made up of calcite crystals, 
spanning the complete wall thickness. 
Sample No. 	MC99/100 
Location Kara Gölu - Nummulitic calcarenite 
Folk / Dunham Biomicrite / Packstone 
Description 	This is a well-sorted calcarenite with large (<6 mm) randomly oriented 
nummulites set in a matrix of calcite grains, smaller foraminifera and 
other less common bioclasts. A small fraction (<5%) of small angular 
quartz grains is also present in the matrix. The ñon-foraminiferal bioclasts 
include small fragments of microbial carbonate, bryozoan and coral 
fragments. There are also some small grains of micrite intraclasts and 
lithoclasts. 
The walls of the nummulites consist of a single crystal per section, with 
the intervening chambers filled with fine sparry calcite. Alar 
prolongations appear to filled with micrite, however extinction patterns in 
these parts show that crystals are in the same orientation, suggestive of 
secondary precipitation. 
Sample No. MC99/102 
Location Kara Gölu - Calcarenite 
Folk / Dunham Biomicrite / Packstone 
Description This rock is a grain supported calcarenite consisting largely of bioclastic 
material. Grains include foraminifera, microbial structures, micritic 
limestone, chlorite, quartz and echinoid material. Sparry calcite is present 
infilling some porosity, although largely the space between grains is filled 
with micrite. The material inside these structures is very fine grained. 
Sample No. 	MCOO/20 
Location South of Aktoprak 
Folk / Dunham Biomicrite / Wackestone 
Description 	This rock consists of medium-to-coarse sand-grade angular grains of 
calcite and broken bioclasts held in a supporting micrite matrix. Bioclasts 
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again are largely foraminifera and encrusting microbial material. Less 
common bryozoan fragments, microbial plates, broken shell fragments, 
echinoid plate fragments and coral are seen. The foraminifera present 
include, nummulites (up to 1 cm across), Discocyclina, Miliolina and 
other Rotalliinids. 
Minor amounts of quartz and plagioclase feldspar and intraclasts are seen 
(6 mm) in diameter and, as well as the constituents mentioned above, 
contains coral fragments. Lithic clasts of recrystallised limestone are also 
present. 
Sample No. 	MC98/44 
Location North of caykavak Pass 
Folk / Dunham Biomicrite / Mudstone 
Description 	This is a carbonate mudstone containing very small recrystallised 
microfossils, displaying planar lamination. The laminations are marked 
by layers of slightly coarser, more sparry calcite. About 2-3% of this rock 
is made up of quartz grains which are <1/3 mm in diameter and sub-
angular. Other grains include small calcite crystals and recrystallised tests 
of microfossils. 
Sample No. 	MC98/5 
Location North of caykavak Pass 
Rock type 	Sandstone 
Description This rock is a grain-supported sandstone similar to MC99/32 (below), but 
with more carbonate grains and less cement present. A yellow staining of 
the rock is indicative of iron oxide. (See section 3.6.1.4 for point counting 
data). 
Sample No. 	MC99/155 
Location Ulukila to Nigde road - Northeast of GUney 
Rock type 	Tuff 
Description This rock is a fine-grained, light brown material with small grains of 
quartz, feldspar and calcite suspended in a matrix. The grains are sub-
angular and show little preferred orientation. The matrix is largely 
isotropic and has two forms. In one half it is laminated, with dark streaks 
in plane polarised light. These are aligned regularly and are slightly wavy. 
In the other part of the rock the crystals have a more randomly oriented 
interlocking nature. The rock appears to be a glassy welded tuff. 
Sample No. 	MC99/152 
Location Ulukila to Nigde Road - Northeast of GUney 
Rock type 	Sandstone 
Description This is volcaniclastic sandstone with poorly sorted 0.5-2 mm feldspar 
grains set in a siliceous matrix. The grains are sub-angular and, in 
contrast to all other samples, no calcite is seen. The rock is matrix 
supported, with matrix constituting up to 50 % of the rock. 
There is a large amount of chlorite present, usually yellow—brown and 
weakly pleochroic. The chlorite appears in the matrix and as small 
clusters and long stringers. It also appears surrounding grains of feldspar 
and as the result of almost complete alteration of crystals. 
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Some grains of quartz are also present, but , locally as mosaic quartz. A 
very few chert grains are seen. One example of intergranular lava is seen 
and opaque minerals are common surrounding grains. 
There are a few examples of a very high relief, poorly cleaved grains, with 
anomalously high birefringence colours, 1/10 mm diameter. 
Sample No. 	MC99/32 
Location Bozbeltepe 
Rock type 	Sandstone 
Description This is a grain-supported sandstone with a sparry calcite cement. The 
grains are subangular and poorly sorted. Many grains show calcite 
overgrowths. (See section 3.6.1.4 for point counting data). 
408 
Appendix 3 - X-ray Fluorescence (XRF)- Method and Results 
Sample Preparation 
Samples were analysed for major and trace elements using XRF and were prepared 
following the methods outlined in Fitton et al. (1984). Where possible, aphyric lava samples 
were used and specifically those exhibiting little amounts of alteration. Approximately 50g 
of the freshest material was cut from each sample, removing any weathered edges. The 
samples were crushed and the chippings ground in a tungsten-carbide tema for 
approximately 1.5 mins. 
Major elements 
Major elements were analysed from glass discs formed from the powdered samples. 
Samples were dried for> 12 hrs in an oven at 110°C and approximately 1  of each powder 
was placed into a Pt-5%Au crucible. Samples were ignited for 20 mins at 1100°C and 
subsequently re-weighed such that loss-on-ignition (LOl) of volatiles (H 20 + CO2-02+) could 
be calculated. The ignited powder was then combined with a lithium borate flux (Johnson 
Matthey Spectroflux 105) in a 5:1 (flux:sample) ratio and returned to the furnace for a 
further 20 mins. The molten material was poured through a mould onto a graphite plate and 
pressed into a disc by lowering an aluminium plunger onto the sample. Glass discs were 
annealed on a hotplate at 220°C for 10 mins prior to cooling and trimming. 
Trace elements 
Trace elements were analysed from pressed pellets. Approximately 6 g of powder was 
combined with 4 drops of binding agent (2% PVA in distilled water) and the mixture placed 
into a steel mould. The sample powder was surrounded and backed boric acid powder and 
compressed to approximately 8 tons. After the mould was dismantled a 40mm diameter 
circular pellet was left. 
Analysis 
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Samples were analysed at The University of Edinburgh using a Philips 1280 wavelength 
dispersive, sequential X-ray fluorescence spectrometer using standard procedures. The 
instrument is regularly calibrated and drift monitored using standard samples. Major 
elements were screened by combining the total of measured oxides with the calculated 
values of LOT and where the total was outside of 99.4-100.4 % a new glass disc was 
prepared and the sample re-analysed. 
Errors 
Repeat analysis and regular calibration of standards on The University of Edinburgh 
instrument shows typical errors. Incorporating the instrument and sample reproducibility, 
examples of errors are thus: S10 2±0.44wt%, MgO±0.l6wt%, K 20±0.O4wt%, Nb±1.2ppm, 
Zr±2ppm, Rb±0. 8ppm (James 1995). 
MORB data 
MORB normalised spider-diagrams were created using data from Pearce (1982) and 








P205 wt% 0.12 
Zr 90 






The results of XRF analysis are presented on the following pages. In the tables, a grey 
background indicates samples that were removed during screening (Section 5.3.1.), with the 
reason for removal highlighted in white. 
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Sample MC58 MC57 MC56 MC54 MC53 MC52 MC46B MC46A 
Si02 52.67 48.07 53.58 46 46.98 46.41 58.91 45.09 
A1203 20.41 10.25 19.27 17.22 19.3 16.51 16.02 14.94 
Fe203 6.77 5.65 6.3 10.45 9.09 8.25 6.39 9.18 
MgO 3.92 3.29 3.83 5.34 5.46 6.89 3.55 2.84 
CaO 7.44 14.45 4.02 5.15 7.65 8.91 4.11 9.17 
Na20 3.82 3.38 3.52 3.89 2.86 1.64 4.49 1.96 
K20 1.56 0.286 4.732 4.086 3.132 3.292 1.776 3.555 
T102 0.774 0.382 1.094 1.145 1.233 1.121 0.769 1.345 
MnO 0.107 0.157 0.111 0.166 0.146 0.12 0.059 0.144 
P205 0.371 0.11 0.746 0.812 0.874 0.664 0.279 1.043 
Total 97.85 86.03 97.2 94.25 96.73 93.8 96.36 89.27 
LOt 2.35 14.13 3.02 5.81 2.75 6.02 3.06 10.54 
Total+L0I 100.2 100.16 100.22 100.06 99.475 99.82 99.42 99.81 
Nb 13.4 7.3 31.8 23.4 22.2 16 14.2 20.9 
Zr 166.8 63.9 286.7 236.8 255.8 184.1 181.9 205.3 
Y 23.3 13.3 38.9 27.7 28.6 24.1 27.7 28 
Sr 654.9 234.8 772 501.6 1394.9 903 373.1 1239.3 
Rb 43.6 10.2 88.6 157.1 145.6 81.6 61.2 150.1 
La 28.9 19 148 102.6 94.3 79 31.6 112.9 
Ce 44.3 21.2 233.5 183.9 186.4 150.4 52.2 203 
Nd 19.7 11.8 93.3 80 77.6 66.5 21.1 87.1 
Zn 61.7 . 	 48.5 71.8 155.8 65.5 75.2 57 69.9 
Cu 31.7 57.1 42.5 21.9 68.5 34.9 53.7 32.3 
Ni 12.9 55.7 18 46.6 60.7 82.6 10.8 21.1 
Cr 4.7 82.83 3.5 43.1 19.9 164.8 10.1 43.9 
V 151.8 94.7 190.9 245.7 272 237 163.1 299.2 
Ba 916.2 227.4 2679.8 1496.7 2205.5 1728.4 582.1 1491.4 
Sc 15.1 11.3 10.4 22.3 18 25.1 23.8 17.7 
Ti (ppm) 4639.47 2289.76 6557.59 6863.29 7390.78 6719.43 4609.49 8062.12 
MC33 MC32 MC27 MC26 
,J1J 53.17 
18,07 17.76 9.36 
12.95 4.87 9.04 7.13 
0.25 211 6.79 
2.86 3.07 14.78 
0.19 8.44 5.15 0.88 
0.059 1.428 2.787 0.95 
0.835 0.509 1.493 0.546 
0.274 0.069 0.037 0.191 
1.046 0.123 0.965 0.239 
97.41 97.78 95.13 75,99 
2.04 2.15 3.78 23.79 
99.45 99.93 98.912 99.78 
14.9 4 31.8 20.6 
267.2 93 270.1 210.3 
27.3 13 30,9 23.9 
5323.1 307.5 434.3 386.9 
2 21.6 94 23.8 
77.6 9.7 125.2 98.6 
181,8 16.2 227.1 165.1 
80.9 10.9 97.3 68.7 
10.9 34.2 83 82.3 
17.6 26.2 19 27 
8.9 5.3 22.4 52 
65.6 .12 -5.3 8.9 
437 139.7 269.1 2691 
32.9 271.8 1096,5 2697.6 
23 11.1 18.8 10.6 
5005.11 3051.02 8949.25 3272.80 








































































































































































































































8IAR SOAR 63AR 60AR 
56.85 61.81 53.15 67.32 
17.42 1169 19.26 14.65 
6.37 5.54 7.61 3.46 
3.85 3.06 
5.84 7.16 7.37 2.35 
3.78 2.65 4.34 2.43 
0.466 1.002 1.609 2.772 
0.92 0.541 0.903 0.415 
0.074 0.143 0,206 0.044 
0.235 0.171 0.302 0.112 
95.81 95.73 96.89 96.61 
4.32 4.39 3.3 3.13 
100.13 100.12 100.19 99.74 
11.7 8.1 17.7 23.0 
145.2 99.0 171.5 119.8 
21.8 i 	18.6 30.1 29.6 
406.2 396.7 3810 981.2 
4.9 33.0 31.4 102.3 
20.6 17.2 26.9 58.6 
41.8 41.3 56.4 108.6 
20.1 18.3 26.8 38.1 
115.2 55.7 96.8 64.3 
84.5 96.8 22.8 12.6 
12.0 18.1 15.6 14.9 
11.1 20.6 10.7 24.8 
264.9 138.8 204.0 62.6 
305.3 248.6 504,0 419.7 
29.2 17.0 17.4 -3.5 































55AR MAR 53AR 
49.77 47.47 49.3 
15.52 15.81 16.64 
6.39 8 7.52 
5.44 6.29 5.35 
6.96 6.15 6.33 
5.46 3.38 3.05 
1.492 2.051 2.546 
0.823 0.974 1.143 
0.134 0.1 0.081 
0.383 0.451 0.518 
92.38 90.68 92.48 
7.12 9.30 7.36 
99.5 99.98 99.84 
23.1 17.8 12.3 
240.1 191.9 184.0 
26.5 23.7 23.3 
619.5 323.3 560.3 
33.9 70.6 63.4 
74.1 82.9 69.2 
131.0 149.7 127.9 
51.3 61.4 51.9 
78.3 81.2 72.8 
39.7 10.3 40.0 
73.8 214.2 99.9 
132.6 360.4 148.7 
138.7 200.7 201.4 
361.5 216.5 1265.9 
14.6 32.5 18.9 























































































Sample 	139 HU 138 HU 137 HU 
Si02 47.11 49.06 47.69 
A1203 14.19 12.19 15.28 
Fe203 6.5 6.31 7.39 
MgO 4.47 3.67 7.33 
CaO 13.66 13.76 5.95 
Na20 0.55 0.09 2.06 
K20 5.999 6.838 5.107 
T102 0.939 0.872 1.022 
MnO 0.093 0.091 0.096 
P205 0.365 0.413 0.379 
Total 93.88 93.29 92.31 
LOl 6.07 6.43 7.43 
Total+L0I 99.95 99.72 99.74 
Nb 13.2 16.2 12.1 
Zr 179.5 164.3 178.7 
Y 20.7 20.4 21.9 
Sr 	. 795.6 583.0 283.0 
Rb 151.8 143.4 79.1 
La 55.1 57.3 60.9 
Ce 96.1 101.1 106.1 
Nd 38.8 39.2 43.6 
Zn 59.1 63.6 63.6 
Cu 44.4 22.3 35.6 
Ni 165.4 100.0 148.1 
Cr 299.0 219.7 327.3 
V 162.9 138.8 196.0 
Ba 2391.4 2384.7 920.0 
Sc 17.2 4.4 29.6 
Ti (ppm) 5628.50 5226.89 6126.01 






























,151 GU 150 GU 149 GU 148GU147GU 
17.94 18.02 16,57 12.62 11.27 
5.11 2.26 2.67 2.16 1.49 
2.44 0.94 1.23 2.17 1.11 
2.19 1.43 0.66 3.93 0.76 
3.88 4.13 6.79 0.71 5.6 
7.21 8329 2.72 8.506 0.692 
0.652 0.505 0.366 0.319 0.164 
0.205 0.058 0.049 0.069 0.039 
0.287 0.177 0.068 0.129 0.035 
97.96 97.99 98.96 96.08 99.08 
2.19 1.61 1.27 4 1.19 
100.15 99.60 100.23 100.08 100.27 
33,9 31.9 70.5 27.0 22.9 
417.4 689,1 855.5 398.2 115.9 
38.0 . 32.2 55.1 19.8 119 
232.6 413.7 181.0 215.4 237.2 
300.6 302.2 99.1 284.4 22.5 
128.0 104.5 1821 60.0 26.4 
227.6 184.9 332.5 117,0 52.6 
90.8 65.6 118.2 46.3 18.9 
84.4 41.1 105.4 44.9 21.9 
10,0 5.2 1.8 12.6 0.4 
18.6 8.6 9.8 46.0 34.9 
23.3 ' 	 177 11.3 56.3 , . 	 55.7 
119.7 60.4 301 48.8 38.9 
993.7 1270.0 223.1 716.8 64.2 
-1.2 -1.3 -8.0 -9.3 	, 8.8 
3908.18 3027.04 2193.86 1912,13 9&3.04 
13260 131G0 13060 
50.17 50.82 48.31 
17.03 16.06 17.33 
6.65 7.39 8.88 
6.72 7.32 5.79 
8.13 8.15 6.5 
3.43 3.72 3.84 
2.615 2.015 2.902 
0.976 0.945 1.096 
0.117 0.113 0.18 
0.461 0.464 0.696 
96.3 97.02 95.53 
3.21 2.74 3.95 
99.51 99.76 99.48 
16.3 13.9 16.5 
236.3 209.0 262.5 
22.9 22.8 31.5 
1052.1 905.4 874.5 
31.3 17.7 31.0 
84.1 74.6 112.4 
153.9 134.0 195.4 
63.1 53.7 80.6 
61.7 69.6 78.7 
74.5 39.8 57.2 
101.9 134.4 31.2 
178.0 280.7 8.2 
188.3 188.8 268.7 
2035.7 1634.3 2789.7 
24.2 22.1 11.1 
5850.28 5664.46 6569.58 
12660' 121G0 11860 
52.88 48.71 45.33 
16.09 18.14 16.36 
8.01 8.25 7.61 
3.52 5.28 4.53 
6.57 4.04 11.77 
3.83 3.23 2.82 
4.962 3.321 1.399 
1.216 1.333 0.951 
0.227 0.081 0.163 
0.838 0.717 0.56 
98.14 93.09 91.49 
1.85 6.55 8.13 
99.99 99.64 99.62 
20.7 21.9 15.7 
204.0 199.7 146.6 
26.0 24.0 24.2 
614.9 248.9 1336.6 
102.6 129.2 42.3 
90.9 69.7 86.4 
161.8 128.4 153.3 
67.2 56.0 66.6 
66.2 73.7 114.3 
49.7 42.6 64.2 
134.4 137.7 82.9 
235.7 290.0 119.8 
220.0 244.2 259.1 
1474.9 711.4 1810.2 
24.9 26.9 38.2 

















































Sample 115 IN 78 IN 73 IN 72 IN 71 IN 
Si02 57.54 61.91 69.56 64.87 70.07 
A1203 17.89 18.54 15.11 16.84 15.3 
Fe203 2.63 4.37 2.45 4 2.66 
MgO 0.24 0.28 0.89 1.02 0.74 
CaO 6.07 1.04 2.72 4.25 3.08 
Na20 8.87 4.51 3.61 4.1 4.22 
K20 0.753 8.133 4.04 2.848 2.151 
Ti02 0.356 0.179 0.263 0.352 0.255 
MnO 0.036 0.072 0.044 0.083 0.031 
P205 0.059 0.14 0.109 0.218 0.118 
Total 94.43 99.18 98.8 98.57 98.63 
LOl 5.15 0.99 0.06 1.38 1.2 
Total+L0l 99.58 100.17 98.86 99.95 99.83 
Nb 43.5 29.4 13.3 21.4 19.6 
Zr 363.1 327.0 103.2 201.1 161.6 
Y 35.9 23.5 16.3 24.1 23.2 
Sr 263.2 110.7 405.8 640.0 411.7 
Rb 40.9 249.9 86.6 75.0 55.2 
La 170.3 135.4 13.9 36.3 31.2 
Ce 294.9 218.1 29.4 71.8 61.2 
Nd 108.0 68.4 13.0 27.6 23.8 
Zn 9.0 74.5 17.8 34.9 15.6 
Cu 0.1 0.3 -1.6 6.3 0.0 
Ni 8.8 6.1 4.3 5.0 6.3 
Cr 9.0 10.4 11.6 12.2 13.5 
V 29.9 21.8 51.7 55.7 47.9 
Ba 80.5 451.1 893.2 667.8 369.6 
Sc - - - - - 



















4 C 3 C 2 C ICA 160 H 145 	H 142 	H 
49.26 51.23 45.26 46.51 58.03 50.19 49.28 
15.75 16.18 14.39 15.07 17.46 15.42 14.43 
7.12 6.72 6.3 6.71 6.87 7.83 7.32 
6.25 4.87 6.06 7.67 3.33 6.1 6.86 
9.13 8.52 11.76 9.8 7.49 7.12 8.42 
3.61 4.24 3.78 2.86 3.43 3.97 1.47 
2.622 2.226 2.148 2.277 1.524 3.468 5.817 
0.942 0.935 0.0905 0.878 0.741 0.99 0.925 
0.105 0.096 0.101 0.11 0.099 0.076 0.126 
0.477 0.481 0.358 0.445 0.193 0.546 0.413 
95.27 95.50 91.06 92.33 99.18 95.73 95.05 
4.79 3.97 8.63 7.4 0.91 3.94 4.77 
100.06 99.47 99.69 99.73 100.09 99.67 99.82 
14.9 15.4 7.6 11.8 5.0 15.8 18.8 
164.3 167.6 125.6 152.1 148.8 253.5 192.9 
22.2 22.4 20.0 20.2 19.8 24.6 24.2 
1060.4 821.8 855.7 747.3 703.1 544.4 551.8 
66.8 44.9 52.1 38.5 16.1 85.4 124.2 
88.5 90.2 59.9 89.4 18.1 94.2 59.5 
152.1 156.7 110.4 153.2 39.4 171.8 112.9 
61.6 64.1 48.0 60.5 20.0 72.7 45.7 
61.6 57.9 60.6 63.6 61.1 64.7 75.0 
38.7 39.4 36.8 42.3 45.6 16.9 46.6 
143.1 113.4 167.0 172.7 18.4 107.2 168.0 
212.9 160.5 301.0 329.4 31.3 173.1 242.0 
172.9 190.1 198.0 178.8 207.6 176.9 149.7 
1161.6 1220.8 834.5 1328.6 306.5 1882.2 1921.3 
11.5 13.3 14.1 18.5 23.4 18.9 7.0 
























































Sample 1561N 1461N 127 IN 1171N 1161N 
Si02 60.25 49.79 72.06 51.95 44.51 
A1203 18.62 15.69 14.93 19.95 17.39 
Fe203 3.62 10.82 1.29 6.19 10.75 
MgO 0.93 6.54 0.52 2.42 6.25 
CaO 1.6 9.35 1.41 5.06 9.96 
Na20 3.38 3.68 3.67 3.35 1.8 
K20 9.283 0.492 4.931 5.912 4.058 
Ti02 0.563 1.161 0.241 0.831 1.675 
MnO 0.114 0.18 0.022 0.142 0.175 
P205 0.181 0.1 0.082 0.626 1.124 
Total 98.54 97.8 99.15 96.44 97.7 
LOl 1.36 2.17 0.92 2.98 2.13 
Total+L0l 99.9 99.97 100.07 99.42 99.83 
Nb 36.7 1.2 15.1 29.9 28.4 
Zr 415.0 69.2 147.3 213.2 161.2 
Y 39.0 28.5 20.0 26.7 34.8 
Sr 802.7 233.2 95.7 1414.3 1188.8 
Rb 229.8 7.9 214.6 185.2 152.4 
La 135.8 1.5 23.7 105.5 106.2 
Ce 250.5 12.0 56.4 183.7 203.1 
Nd 96.3 8.2 23.5 69.9 91.0 
Zn 70.0 88.9 46.2 91.6 76.3 
Cu 2.4 62.3 0.0 17.1 54.5 
Ni 5.8 49.3 5.4 16.8 68.8 
Cr 9.2 59.0 10.6 15.7 106.2 
V 66.5 331.0 30.4 145.6 379.5 
Ba 1766.5 39.3 485.9 2527.0 4031.7 
Sc 50.8 - - 15.1 
Ti (ppm) 3374.70 6959.20 1444.59 4981.13 10040.19 
